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Our Bookshelf. 


Human Evolution. 


Eléments de sociologie : textes choisis et ordonnés. 
Par Prof. C. Bouglé et J. Raffault. (Publica- 
tions du Centre de Documentation sociale.) 
Pp. viii + 506. (Paris: Félix Alcan, 1926.) 
30 francs. 


A COLLECTION of extracts such as MM. Bouglé and 
Raffault have compiled has its manifest uses as a 
source book and work of reference. This, however, 
has not been the primary or even the main object 
of its preparation, although the course of the 
Ecoles Normales has been followed in the chief 
features of its framework. It is intended as a 
manifesto and reply to those who maintain the 
unsuitability of sociology as a subject of instruction 
on the ground that it is too young a science to have 
become sufficiently systematised and adequately 
provided with principles of general application to 
afford a suitable discipline. The compilers desire 
to refute this criticism by submitting to the reader 
what sociological writers have actually said, instead 
of entering into abstract argument. In England, 
perhaps, we have been fortunate: any contro- 
versy on this point being almost forgotten owing 
to an early acceptance of the evolutionary principle 
in its application to sociological data. Early 
exuberance, it is true, has had to be overcome, but 
the scientific attitude remains. This, however, 
does not affect the fact that for English readers, 
equally with French or those of any other tongue, 
this is a stimulating book in which the views of 
sociologists of to-day, yesterday, or long ago, 
on specific points arising out of a sociological 
_— may be found in their most characteristic 
orm. 


Grundriss der Anthropologie. Von Dr. M. W. 
Hauschild. Pp. viii+235. (Berlin: Gebriider 
Borntraeger, 1926.) 10-50 gold marks. 


THE reviewer, after a perusal of this work, laid 
it down with the feeling that anthropology has 
suffered a profound loss by the death of its young 
author, Dr. Wolfgang Hauschild. In a preface 
written by his old teacher, Prof. Eugen Fischer, 
director of the Anthropological Institute of the 
University of Freiburg, we learn that Dr. Haus- 
child, after carrying out arduous investigations in 
Java during 1924, died from malaria on his way 
home, leaving behind him the manuscript of this 
work. One suspects that his text was intended to 
serve as a basis for a systematic course of lectures 


on the evolution and structure of human races, and 
that the condensation of his argument, although 
expressed in clear, simple German, would have been 
lightened and expanded by a free use of illustrative 
examples. It is plain, at least, that this rising 
anthropologist had addressed himself, not to 
the dilettante, but to the serious student of his 
subject. 

The book is of particular interest to senior anthro- 
pologists, because it reveals the methods which 
the rising generation of investigators in Germany 
are applying to the problems of human evolution 
and of human heredity, and the ideals by which 
they are moved. Dr. Hauschild at once captures 
the English reader by ascribing to Darwin the just 
merit of being the sole author and initiator of the 
evolutionary movement which now moves thought- 
ful men in all parts of the world. He gives Mendel 
his due place—a very high one. The revolution in 
physical anthropology which Dr. Hauschild evidently 
anticipated was to arise from a fuller knowledge of 
the processes which regulate the development and 
growth of the human body. He has attempted 
to base his subject on physiological or biological 
principles, and for this reason has brought to bear 
on the human body the latest information gleaned 
from all branches of modern science. We see in this 
book a young author causing new sciences to leaven 
old knowledge, and all has been done in a logical, 
masterful way. We heartily commend this book 
to every one who wishes to get into touch with the 
best work now being done in the anthropological 
laboratories of Germany. 


Prehistory. 


Préhistoire de la Norvége. Par Haakon Shetelig. 
(Instituttet for Sammenlignende Kulturforsk- 
Serie A: Forelesninger, 5.) Pp. vi+ 


ning. 
280+10 planches. (Oslo: H. Aschehoug and 
Co.; London: Williams and Norgate, Ltd. ; 


Leipzig: Otto Harrassowitz; Paris: Honoré 
Champion ; Cambridge, Mass. : Harvard Univer- 
sity Press, 1926.) 7s. 6d. 


Dr. SHETELIG, the distinguished Norwegian archzo- 
logist, some four years ago published a review of 
the state of knowledge of prehistoric Norway at 
that date. Unfortunately for most readers it was 
in Norwegian, and the present volume, though 
written on a slightly different plan, as well as 
covering a more extended field, will be welcomed 
by those who wish to make themselves acquainted 
with the views of this authority on the archeology 
K4 
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of his own country and its many problems. In his 
preface, Dr. Shetelig points out that the conditions, 
geographical and climatic, as well as the sparse 
population of early days, give the archeology of 
Norway a special character and, be it said, a 
peculiar significance. The salient problems through- 
out arise from the fact .that the most marked 
characteristic of Norwegian culture is its recep- 
tivity and not its power of initiation. Norwegian 
culture, although individual, is a part of Scandi- 
navian culture as a whole, and this in turn, although 
also distinctive, is an integral part of the general 
European culture. The task of the archeologist, 
therefore, is to analyse the data in such a way 
as to distinguish the foreign element and mark 
the modification by which it becomes essentially 
Norwegian. 

The reader will follow with interest the method 
by which Dr. Shetelig has worked out this theme 
in tracing the development of Norwegian civilisa- 
tion from the Maglemose period to the Viking age. 
In view of the use made of the early rock carvings 
in supporting the argument for the inheritance of 
paleolithic culture, as well as in the interests of 
the chapter on art, it is to be regretted that the 
book has not been more fully illustrated. 


Friihschein der Kultur: Bilder aus Vorgeschichte 

* und Urzeit. Von Prof. Dr. Johannes Ledroit. 
Pp. ix+257. (Freiburg im Breisgau: Herder 
und Co. G.m.b.H., 1926.) 4-80 gold marks. 


Tuts well-planned little book aims at awakening 
the interest of the layman, and more especially of 
school-pupils, in prehistory by a lively and graphic 
presentation of the main facts. The outstanding 
features of each chief cultural period from Lower 
Paleolithic to Roman times are first briefly 
sketched. An imaginative description of some 
supposedly typical incidents from the epoch in 
question is added to fill in the details. We are 
introduced, for example, to a ‘ wandering artist ’ 
who winters in the cave of some reindeer-hunters 
and then passes on to another shelter after having 
adorned his hosts’ abode with representations of 
bisons and other animals. We see the Urgermanen 
from the North Sea raiding the villages of the 
Michelsberg folk and witness the burial of a chief 
in a megalithic tomb. A description is given of a 
bronze age smithy and of the visit of a travelling 
dealer with copper and tin from England, who, with 
the aid of his ‘ slaves,’ eventually carries off the 
smith’s beautiful Nordic daughter. 

Dr. Ledroit has carefully collected all the 
scattered scraps of archeological evidence that 
might help to complete a concrete picture of life 
in those remote times. There is less evidence of a 
mastery of the ethnographic data that might be 
invoked to supplement this inevitably fragmentary 
record, and a few mistakes have crept in. The 
bronze-worker may well have used the cire perdue 
process, but it is wrong to make him execute the 
spiral decoration on the finished casting; the 
mammoth is said to be a metre taller than existing 
elephants. 


Birds. 


(1) L’Evolution de Vornithologie. Par Dr. M. 
Boubier. (Nouvelle Collection scientifique.) 
Pp. v+308. (Paris: Félix Alcan, 1925.) 10 
francs. 

(2) Birds and their Attributes. By Dr. G. M. Allen. 
Pp. xiii +338+34 plates. (London, Calcutta 
and Sydney: George G. Harrap and Co., Ltd., 
1926.) 10s. 6d. net. 

(3) Les oiseaux: Vornithologie et ses bases scien- 
tifiques. Par Dr. M. Boubier. (Encyclopédie 
scientifique : Bibliothéque de zoologie.) Pp. 
iv +305. (Paris: Gaston Doin et Cie., 1926.) 
22 francs. 

(4) Fugle. 2: Lomfugle, Stormfugle, Vandhgns, 
Tranefugle og Vadefugle. Ag R. Herring. (Dan- 
marks Fauna, 30.) Pp. 332. (Kgbenhavn: 
G. E. C. Gads Forlag, 1926.) n.p. 


(1) In the steady stream of books about birds it is 
pleasant to find one which breaks new ground, as 
does Dr. Boubier’s “‘ L’Evolution de l’ornithologie.” 
In a series of eight chapters he takes up particular 
aspects of ornithology and traces the gradual 
growth of knowledge in each branch of the science, 
marking the stages of development by appeal to 
the works of the masters. Thus he discusses the 
knowledge of the European avifauna, the results 
of explorations and voyages, the study of migration, 
of taxonomy, anatomy, and paleontology, and 
the development of systems of classification, and 
under each head the history is traced succinctly 
yet with sufficient detail to give a connected picture 
of progress. In so comprehensive a work omissions 
are bound to occur, and we note that no English 
writer on bird migration is mentioned Jater than 
Barrington (1772), and that although many and 
lesser bird-ringing schemes are referred to, the 
British Birds scheme which has been responsible 
for the marking of some 146,000 birds passes 
unnoticed. - 

(2) Dr. Allen’s volume is excellent, although it 
belongs to a very familiar type—an introduction 
to a general survey of birds, their structure, habits, 
and human relations. It is outstanding because 
of the author’s familiarity with recent literature, 
and his knack in selecting a telling example, as 
in the case of the narrow Atlantic belt which bars 
the distribution of two sets of terns (p. 155), or 
the Ceylon telegraph wire which bore an annual 
crop of mistletoe seedlings (p. 165), or the relation 
of the extent of a bird’s migration to the shape 
of the egg it lays (p. 177). Of the illustrations the 
most remarkable are Mr. Bigelow’s photographs 
of the V-shaped flight formations of swans and 
geese. 

(3) In this other work of Dr. Boubier’s we have 
a general treatise on birds, aiming less at the 
general reader than at the ornithologist who would 
add a scientific ground-work to his own observa- 
tions. It is noteworthy for its conciseness, and for 
the care with which the comparative anatomy of 
birds is treated. A number of rough but very 
instructive diagrams illustrate the text. 
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(4) This, the second volume of a handbook of 
the birds of Denmark, deals with the divers, grebes, 
petrels, rails, and waders. The characters of the 
various species are indicated in key-tables, summer 
and winter plumages are described, a lengthy 
section gives an account of the migrations, habits, 
and status in Denmark of each species, and each 
description is accompanied by an excellent illustra- 
tion in half-tone of the bird itself. J.R 


Systematic Zoology. 


Handbuch der Zoologie: eine Naturgeschichle der 
Stimme des Tierreiches. Gegriindet von Prof. 
Dr. Willy Kikenthal. Herausgegeben von Dr. 
Thilo Krumbach. Vierter Band: Progoneata, 
Chilopoda, Insecta. Erste Lieferung. Pp. 128. 
13 gold marks. Zweite Lieferung. Pp. 129-240. 
n.p. Fiinfter Band: Solenogastres, Mollusca, 
Echinodermata, Tunicata. Dritte  Lieferung. 
Pp. 177-256. 8 gold marks. (Berlin und Leip- 
zig: Walter de Gruyter und Co., 1926.) 


Tue fourth volume of Kiikenthal’s treatise opens 
with a short explanation of the extinction of the 
term Myriapoda, which has lost its strict systematic 
significance. 

After a definition of the class Progoneata, the 
author, Dr. Carl Graf Attems, passes to the con- 
sideration of the constituent subclasses — Sym- 
phyla, Pauropoda, and Diplopoda—their anatomy, 
developmental stages, ecology, distribution, and 
classification. The sections on the Symphyla and 
Pauropoda are short—each about 9 pages—but that 
on the Diplopoda extends to more than 200 pages, 
and gives an admirably complete account of this 
subclass and its affinities. The classification is 
done in great detail—into orders and then into 
genera. The space devoted to systematics is dis- 
proportionately large, and we hope it may not 
result in restricting the pages available for the 
account of the Insecta in the later part of the 
volume. 
end of the account of each class is a list of works 
of reference. 

The first quarter of section 3 of vol. 5 contains 
the conclusion of the account—the development, 
ecology, and classification—of the Bivalvia. The 
rest of the part is devoted to the Cephalopoda, the 
description of which by Prof. J. Thiele is on the 
lines of the two preceding parts of the volume 
already noticed in Nature. He gives a fair 
account of the anatomy, but finer structural 
details receive insufficient consideration, and refer- 
ence to some of the newer work is lacking, for 
example, to the recent views on symbiotic 
organisms in relation to the luminous organs, to 
the details of formation and discharge of the re- 
markable spermatophores, and to the young stages 
of Spirula. 

More illustrations would have been welcome in 
this section ; particularly of important aspects such 
as the egg-cleavage and later stages of develop- 
ment, and the histology of the statocysts, eyes, 
and chromatophores. 


The parts are well illustrated, and at the. 


Die Tierwelt der Nord- und Ostsee. Herausgegeben 
von G. Grimpe und E. Wagler. Lieferung 5. 
Teil 9.d,: Lamejlibranchia, von F. Haas; Teil 
12.a, : Copelata, von A. Biickmann. Pp. 96 + 20. 
(Leipzig : Akademische Verlagsgesellschaftm.b.H., 
1926.) 8-80 gold marks. 


THESE new parts of “‘ Die Tierwelt der Nord- und 
Ostsee ” maintain the high standard set by those 
already published. The greater part consists of 
a well-balanced account of the lamellibranchs by 
F. Haas; it is perhaps to be regretted that he 
uses the older classification based mainly on the 
teeth and hinge of the shell, rather than the newer 
classification by means of the gill structure, but he — 
provides what will be of great service to the marine 
biologist, namely, good keys to the genera and 
species. There is an interesting account, illus- 
trated with good tables, of the distribution 
of all the species and, in addition, a very brief 
summary of the present state of our know- 
ledge regarding their structure and physiology is 
included. 

The bionomics of the lamellibranchs—a subject 
of the utmost importance—are given due promi- 
nence by the author, both from the ecological and 
utilitarian points of view. Limnoria, however, is 
better considered as the precursor than as the enemy 
of Teredo, although the author admits that if it 
increased at the expense of Teredo ‘‘ Teufel durch 
Beelzebub ausgetrieben wiirde.”’ 

The concluding pages of the parts before us are 
devoted to a short and very clearly illustrated 
account of the Copelata (Appendiculariz), which 
has been contributed by A. Biickmann. 


Les arachnides de France. Par Eugéne Simon. 
Tome sixiéme. Deuxiéme partie: Le synopsis 
général et le catalogue des espéces francaises de 
Vordre des Aranee (suite). (Euvre posthume 
publiée par L. Berland et L. Fage. Pp. 
ii + 309-532. (Paris: L. Mulo, 1926.) 25 
francs. 


Tuis part does not complete the supplement to 
“Les Arachnides de France.” It deals with two 
sub-families of the Argiopide—the Theridiosoma- 
tine and Erigonine. The former contains the 
genus Theridiosoma, which is in some respects a 
link between the Theridiide and Argiopide and 
is represented in France and Great Britain by 
one species only. In the Erigonine thirteen new 
genera have been created without the addition of 
any new species, which seems somewhat drastic 
treatment. Some of the generic distinctions are 
slight and the generic characters will in some cases 
be more difficult to determine than the specific 
ones. 

This part will be something of a disappointment 
to British arachnologists, who have been anxiously 
awaiting the remainder of this volume in the hope 
that the British and European classification of 
spiders might once and for all be unified. It is 
certainly a valuable contribution but falls short of 
our hopes. 
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Grundriss der allgemeinen Zoologie : fiir Studierende. 
Von Prof. Dr. Alfred Kiihn. Zweite, verbesserte 
und vermehrte Auflage. Pp. viii+261. (Leip- 
zig: Georg Thieme, 1926.) 13-20 gold marks. 


In the first 84 pages the author gives an account, 
necessarily very condensed, of the various phyla. 
It is difficult to estimate whether some of the 
sections, e.g. one page of text for the sponges, about 
ten lines for the Ctenophora, six lines for the 
Bryozoa and for the Myriapoda respectively, will 
serve to convey to the student an adequate idea of 
the groups concerned. The author may depend 
largely on the laboratory instruction for the build- 
ing up of the student’s knowledge of structure, 
and the brief accounts may be intended chiefly for 
purposes of revision. The second part of the work 
(about 70 pages) deals with physiology—food and 
its transportation in the body, production of energy, 
respiration, excretion, animal heat, chemical rela- 
tions between the organs, movement, reactions to 
stimuli. The final section of about 80 pages is 
devoted to embryology, heredity, and the origin 
of species. The figures are diagrammatic and 
clear ; there is a list of works of reference and an 
adequate index. 


Special Biological Studies. 


Evolution im Lichte der Bastardierung betrachtet. 
Von J. P. Lotsy. Aus dem Englischen iibersetzt 
von H. N. Kooiman. (Separat Abdruck aus 
Genetica, 7.) Pp. iii+365-470. (Haag: Mar- 
tinus Nijhoff, 1926.) 4 guilders. 


Earty in 1925, Dr. J. P. Lotsy, at the invitation 
of the university colleges of New Zealand, delivered 
there three lectures on “ Evolution considered in 
the Light of Hybridisation.”” These were afterwards 
published by Canterbury College, together with an 
introduction and an appendix by Dr. L. Cockayne, 
giving a list of more than 200 supposed wild hybrids 
in the New Zealand flora. These lectures have now 
been translated into German by Dr. H. N. Kooiman. 
’ The original edition was illustrated by eleven 
photographs of Mirabilis hybrids. These are re- 
placed in the German edition by a coloured plate 
illustrating the remarkable range of fruit types 
obtained in the F, and F, generations from a cross 
between two varieties of pumpkin or squash. 

So early as 1921, Dr. Cockayne had observed 
natural hybrids of Nothofagus and other genera 
growing wild in profusion, and he gives reasons 
why New Zealand is a particularly suitable place 
for their evolutionary study. Nevertheless, if 
natural species-hybrids are so abundant in the 
New Zealand flora, they must be of common 
occurrence elsewhere. In polymorphic genera, such 
as Rubus, Crategus, Rosa, and Hieracium, the 
polymorphism is now, as the result particularly of 
cytological work, generally recognised to have 
arisen in connexion with crossing, and the number 
of such cases will no doubt be much extended. 

Dr. Lotsy in his lectures has brought together 
many new and interesting data bearing on the 
subject. The statement of his views is less extreme 


than formerly, but he still leans very heavily upon 
the hybridisation hypothesis in places where it 
seems unnecessary. Although he admits that real 
mutations may take place, yet he invents terms 
such as ‘sub-haploid’ and ‘super - haploid ’ 
hybridisation for processes with which geneticists 
have long been familiar as germinal changes, e.g. 
various processes by which new chromosome 
numbers arise. Wiiy he assumes that such changes 
can only occur in Nature as a result of crossing it 
is difficult to see, since it is well known that some 
of them at least can be produced experimentally 
by changes in the conditions. Dr. Lotsy’s view 
appears at its weakest in dealing with adaptations. 
Thus he suggests that the leafless Cacti and 
Euphorbiae may have arisen by the crossing of 
leafy succulent forms, the leafless offspring after- 
wards finding their way into the desert. 

We think the author would strengthen his case 
if instead of trying to make hybridisation a universal 
evolutionary factor, he recognised it as merely. one 
of the conditions under which the evolution of 
sexual organisms has taken place. He thinks 
evolution was made possible by sexuality, but he 
makes no attempt to explain the evolution of 
non-sexual organisms. R. R. G. 


Der Formwechsel der Protistenkerne: eine ver- 
gleichend - morphologische Studie. Von Dr. Karl 
Béla¥. (Sonderabdruck aus Ergebnisse und Fort- 
schritte der Zoologie, Band 6.) Pp. 420. (Jena: 
Gustav Fischer, 1926.) 22 gold marks. 


THE author has made a thorough study not only 
of the literature of the Protozoan nucleus, but also 
of numerous specimens in various phases of nuclear 
activity. As he remarks, the newest developments 
of research in heredity have brought the nuclear 
changes in the Metazoa into the very centre of 
interest, but in the Protozoa genetical studies are 
only beginning, and much remains to be accom- 
plished in this and in other connexions in the study 
of their nuclei. It is well, therefore, that the 
known facts have been brought together in such 
an accurate and orderly manner, for the limitations 
of our knowledge and the directions in which 
further investigations are required are more 
readily realised. 

After a survey of the ‘resting’ nucleus, the 
author passes to the consideration of the various 
forms of mitosis and amitosis. He points out that 
amitotic nuclear division, formerly believed to be 
widespread in the Protozoa, appears normally to 
occur in the macronucleus of the Ciliata and in a 
few other cases only, and most of the latter are 
doubtful. The more interesting examples are 
carefully described. 

The account of the behaviour of the nucleus 
preparatory to and during fertilisation includes a 
summary of present knowledge of the meiotic 
phase. A list is given of the number of chromo- 
somes in nearly one hundred Protozoa, in some 
twenty of which the diploid and haploid numbers 
are stated. The nuclear changes which take place 
during the vegetative period are traced, the rela- 
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tionships between the nucleus and the cytoplasm 
and other components of the organism, e.g. flagella, 
cilia, trichocysts, are discussed and the spindle and 
centrosome are described. The last chapter is 
devoted to the more important views on the con- 
stitution of the protozoan nucleus, and includes a 
series of diagrammatic figures representing the 
different modes of division of the nucleus in the 
various groups of Protozoa. 

In order not to burden the text with quotations 
from authors, Dr. Béla¥ has placed these, together 
with his remarks on them, in an appendix of some 
sixty pages. There is an extensive list of refer- 
ences and an index to the genera and species 
mentioned in the volume. 

The accurate and critical treatment of this 
difficult subject has resulted in a volume which 
will be of great use to those who contemplate the 
investigation of the nucleus not only of the protozoa 
but also of the fungi and of the alge. Special 
praise is due to the author and to the publisher for 
the abundance and excellence of the illustrations 
(many of them original) and for the detailed legend 
with which each is provided. 


Die Pflanzenareale: Sammlung kartographischer 
Darstellungen von Verbreitungsbezirken der le- 
benden und fossilen Pflanzen-Familien, —Gat- 
tungen und -—Arten. Unter Mitwirkung von 
Prof. Dr. Ludwig Diels und Prof. Dr. G. Samuels- 
son. Herausgegeben von Prof. Dr. E. Hannig 
und Prof. Dr. H. Winkler. 1 Reihe, Heft 1. 
Pp. iii+14+10 Karten. Heft 2. Pp. 19-34+ 
11-20 Karten. (Jena: Gustav Fischer, 1926.) 
7.50 gold marks. 


Tuat the study of the distribution of plants is 
becoming of increasing importance in systematic 
work is being more and more realised. The contro- 
versial theories put forward by Willis (age and 
area) and by Wegener (continental drift), even if 
they have done nothing else, have been the means 
of stimulating a new interest in this branch of 
botany. A comprehensive work on the subject 
has now been commenced in Germany under the 
above title, edited by Drs. E. Hannig (Munster) 
and H. Winkler (Breslau), with the assistance of 
Drs. L. Diels (Berlin) and G. Samuelsson (Stock- 
holm). The two parts issued are very large quarto, 
similar in appearance to the well-known “ Vegeta- 
tionsbilder ” of Karsten and Schenck. 

In Part 1 Prof. Engler gives an account of the 
distribution of Saxifraga, subsection Hirculoidea, to 
which are devoted three large maps. Other authors 
deal with the distribution of various genera and 
species of plants in a similar manner, amongst 
them Genista anglica. 

In Part 2 Prof. H. Winkler shows the area 
occupied by the banana family, Musacee, in a 
wild state, and another map indicates graphically 
the range of the species of Musa under cultivation. 
Prof. Pax gives a short account of the genus Sapium 
and shows the distribution of the sections pro- 
posed by him in “Das Pflanzenreich.” Other 
botanists deal with the range of various trees. In 
the case of the European and Mediterranean 


species of Abies, Dr. Mattfeld gives no less than two 
full pages of bibliographical references, in contrast 
to Prof. Pax’s three references for Sapium. The 
work is somewhat unwieldy, resulting in consider- 
able waste of space. For example, Karte 2 shows 
the distribution of three species of Saxifraga in a 
very small area of Central Asia on a circumpolar 
map about 10 in. x 14 in. A more judicious 
selection of sectional maps might easily have 
reduced the first part to at least half of its present 
proportions. 


Polarised Light in Biology. 


(1) Handbuch der biologischen Arbeitsmethoden. 
Herausgegeben von Prof. Dr. Emil Abder- 
halden. Lieferung 191. Abt. 2: Physikali- 
sche Methoden, Teil 2, Heft 2. Die Verwendung 
der Polarisationsmikroskops fiir biologische Unter- 
suchungen. Von August Kohler. Pp. 907-1108. 
(Berlin und Wien: Urban und Schwarzenberg, 
1926.) 9-30 gold marks. 

(2) Das Polarisationsmikroskop : seine Anwendung 
in der Kolloidforschung und in der Férberei. 
Von Hermann Ambronn und Albert Frey. 
(Kolloidforschung in Einzeldarstellungen, Band 
5.) Pp. x+195. (Leipzig: Akademische Ver- 
lagsgesellschaft m.b.H., 1926.) 13.50 gold marks. 


THESE volumes represent recent additions to two 
series of ‘handbooks’ dealing with experimental 
methods in biology and the study of colloids 
respectively. The polarisation microscope, once 
finding its application exclusively in orthodox 
crystallography, is now being applied to the study 
of what Sir William Bragg so expressively terms 
“the imperfect crystallisation of common things.” 

The highly regular molecular arrangements often 
found in such objects as vegetable fibres, nerve 
filaments, cell walls, and so on, frequently leads 
to double refraction of large amount, which is 
measured without difficulty by the highly refined 
methods originally developed for mineralogical 
purposes. 

(1) K6hler’s discussion is arranged largely as a 
series of experiments designed to illustrate the 
main applications of the polarisation microscope, 
the determination of the directions of the axes of 
the index ellipse (the ‘ fast ’ and ‘ slow ’ directions), 
the use of the Sénarmont compensation systems, 
etc., all being thoroughly explained on physical 
principles with the minimum of mathematics. The 
optical features of konoscopic methods are also 
carefully treated, and a number of representative 
biological and colloidal applications are discussed. 
Unfortunately, the separate volumes of this series 
are not given an individual index, which somewhat 
detracts from the utility of each section by itself, 
but it is meant to be read in conjunction with 
Kohler’s previously issued volumes on the micro- 
scope in the same series, and will be found clear and 
adequate. 

(2) The volume by Ambronn and Frey will be 
found useful for readers more familiar with physics, 
and covers the ground rather more rapidly than the 
volume above. The latter half of the book is 
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devoted to the physical applications of the various 
methods ; a valuable section deals with the results 
of O. Wiener’s ‘* Theorie des Mischk6érpers,”’ another 
with liquid anisotropism, and so on. Part 3 deals 
with the various optical methods employed to 
glean information as to the structure of dispersoids, 
and the directions of the particles. Celluloid and 
rubber are among the substances specifically dis- 
cussed. The name of Richard Zsigmondy, the 
editor of the series, will be a guarantee of the reli- 
ability of this ‘handbook,’ which naturally explains 
much of the recent work of the authors. 


Handbuch der biologischen Arbeitsmethoden. Her- 
ausgegeben von Prof. Dr. Emil Abderhalden. 
Lieferung 205. Abt. 2: Physikalische Methoden, 
Teil 2, Heft 4. Polarimetrie, von Heinrich 
Kessler ; Spektroskopische Methoden des Medi- 
ziners, von Fritz Lowe; Nephelometrie, von 
Marie Anna Schirmann. Pp. 1345-1536. (Berlin 
und Wien: Urban und Schwarzenberg, 1926.) 
8-70 gold marks. 


Fuit theoretical accounts of the subjects of 
polarimetry, spectroscopy, and nephelometry are 
given, together with descriptions of selected pieces 
of apparatus. The accounts are written from the 
point of view of the biologist rather than the 
physicist, especially the section dealing with 
spectroscopy, in which special reference is made to 
the blood pigments. The work should be consulted 
by all those interested in these particular branches 
of biological methods. 


Modern Physics. 


Die elektrische Leitfahigkeit der Atmosphdre und 
ihre Ursachen. Von Prof. Dr. Victor F. Hess. 
(Sammlung Vieweg, Heft 84-85.) Pp. viii + 174. 
(Braunschweig : Friedr. Vieweg und Sohn A.-G., 
1926.) 8.50 gold marks. 


As at once a professor of experimental physics and 
a field observer, Dr. V. F. Hess is specially fitted 
to write a general text-book on atmospheric 
electricity, and we learn from the preface that a 
work of this character by himself and his colleague 
at the University of Gratz, Prof. H. Benndorf, is in 
preparation. The present work deals with only 
part of the subject, and even within its ostensible 
limits it is not apparently regarded as altogether 
exhaustive. On one or two points the more ex- 
tensive work in contemplation is referred to for 
further information, and in particular it will 
supplement the bibliography of the present work, 
though that is fairly extensive. 

In the main the book treats of the electrical 
charges in the atmosphere and their origin. The 
theory of the Gerdien and Ebert apparatus is 
discussed, and the various methods of investigating 
the radioactive phenomena of the atmosphere. 
Various allied questions, e.g. the electricity of rain 
and thunderstorms, are only lightly touched on. 
As a pioneer investigator of the penetrating ‘cosmic’ 
radiation, Dr. Hess naturally gives special attention 
to that subject. He traces its development from 


the independent discovery by Gockel and C. T. R. 
Wilson of the ionisation in closed vessels, followed 
by the field work of McLennan, Wright, and others, 
then by the balloon observations by Gockel, 
Kolhérster, and himself, and finally by the recent 
work of Kolhérster and Millikan. He objects not 
unreasonably to the term ‘ Millikan rays’ used by 
some Americans, but in his references to the 
conductivity of the upper atmosphere—a subject 
on which he supplies most up-to-date information— 
he makes free use of the term Kennelly-Heaviside 
layer, to which like exception can be taken. 

The book so far as it goes may claim to replace 
the earlier German text-books by Gockel and by 
Mache and v. Schweidler, and within its sphere it 
is not inferior to the recent French works. It is 
interesting to note that in the name index at the 
end, the references to Elster and Geitel are only as 
numerous as those to Kolhérster, and only half as 
numerous as those to Prof. W. F. G. Swann. Dr. 
Hess does not, however, seem to notice that if the 
somewhat serious defect in the Ebert apparatus 
which he accepts as proved by Prof. Swann really 
exists, then much of the information which appears 
in the present book and elsewhere respecting 
negative ions must require correction. The view 
is taken that if satisfactory results are to be 
obtained in the open, the Ebert apparatus must 
be surrounded by a large mesh earth-connected 
wire screen. This seems a matter which deserves 
international consideration. C. CHREE. 


Miiller - Pouillets Lehrbuch der Physik.  Elfte 
Auflage. Herausgegeben von A. Eucken, 0. 
Lummer, und E. Waetzmann. In finf Banden. 
(1) Band 2: Lehre von der strahlenden Energie 
(Optik). Erste Halfte. Bearbeitet von O. Lum- 
mer. Pp. xviii+928+7Tafeln. 50 gold marks. 
(2) Band 3: Warmelehre. Erste Halfte: Physikal- 
ische chemische und technische Thermodynamik 
(einschl. Warmeleitung). Bearbeitet von Arnold 
Eucken. Pp. xviii + 1185. 63 gold marks. 
(Braunschweig: Friedr. Vieweg und Sohn 
A.-G., 1926.) 


Tuis eleventh edition of one of the best-known 
German treatises on physics is the first that has 
appeared since the War. It shows conclusively 
that Germany is neither forced nor willing to 
abdicate her former leading position in the matter 
of exhaustive text-books. 

(1) This volume may be regarded as Dr. Otto 
Lummer’s last legacy to humanity. It was 
already in type when he died in July 1925, and has 
been finally brought out by A. Eucken and E. 
Waetzmann. It is significant of modern develop- 
ments that the conception of an ether of space, 
which in the late pre-War years seemed to be losing 
ground, has to some extent been rehabilitated by 
the generalised theory of relativity, and particu- 
larly by the system worked out by Weyl in 
1918. These theories regard the electromagnetic 
field and the gravitational field as two aspects of 
the ‘ metric ’ field which comprises all phenomena 
of time and space. The old contrast between 
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matter and ether is eliminated by the conception of 
matter as condensed and ‘ grained’ energy in the 
gravi-electromagnetic ether. 

The present volume covers the same ground as 
the corresponding volume of the tenth edition, 
except that spectrum analysis and phosphorescence 
are relegated to a further volume. The chapters 
on the eye and on optical instruments are entirely 
rewritten, and there are many additions to the 
chapter on interference and (especially) on prism 
combinations. 

(2) The third volume, which deals with heat, has 
been subdivided, and while the book under notice 
deals with thermal phenomena in general, the 
next subdivision will deal exclusively with the 
kinetic theory. 

It is literally true that the whole of the work has 
been rewritten. In this particular volume we 
find none of the old names. Pfaundler, Drucker, 
Wassmuth, and Hann are replaced by Eucken, 
Ebbecke, Jakob, Magnus, and others, and the 
bulk of the work has been done by Eucken, who 
celebrated his eightieth birthday this year ! 

It suffices to say that the new editors have 
carried out their great task in the spirit and 
tradition of the original work. No greater praise 
is necessary. Miller-Pouillet still stands un- 
rivalled among ‘elementary ’ text-books of physics 
which aim at being at the same time clear, accurate, 
and complete. 


Anregung von Quantenspriingen durch Stésse. 
Von Prof. Dr. J. Franck und Dr. P. Jordan. 
(Struktur der Materie in Einzeldarstellungen, 
Band 3.) Pp. viii+ 312.. (Berlin: Julius Springer, 
1926.) 19-50 gold marks. 

THis book is an up-to-date account of the work 
done in recent years on this interesting and fertile 
subject, a field of inquiry which is associated with 
the names of Franck, Hertz, Paschen, and Heisen- 
berg in Germany, of Fowler and Horton in Great 
Britain, and of numerous contributors to the 
Physical Review in America. The first chapters 
describe and discuss the kinetics of slow-moving 
electrons in gases and vapours, the determination 
of critical potentials by the electron impact 
method and the relations between critical potentials 
and the spectral terms of atoms. Succeeding 
chapter§ discuss in detail the possibilities of excita- 
tion and of ionisation of atoms by electron impacts, 
and give a well-balanced account of collisions ‘of the 
second kind.’ In the seventh chapter an account is 
given of the critical potentials of molecules, especi- 
ally those of hydrogen, nitrogen, oxygen, and the 
halogens. The concluding chapter deals briefly 
with the applications of the results obtained to 
chemical reactions. 

From the first experimental work of Franck and 
Hertz to the latest theoretical speculations of 
Heisenberg is indeed a far cry. Perusal of this 
book will convince a reader to what extraordinary 
ramifications of physics the discovery of the 
electron and the application of quantum ideas to 
the structure of the atom have led. The subject 


is a difficult one ; difficult both in its fundamental 
concepts and in the manner in which these are 
expressed, but one which every physicist must, and 
every physical chemist should, attempt to under- 
stand. It is a great boon, therefore, to have this 
up-to-date, fully documented compilation in the 
well-digested form which Prof. Franck and Dr. 
Jordan have given us. Both the experimental and 
theoretical sides of the work are adequately 
treated. To many this book will make a difficult 
subject reasonably clear and simple for the first 
time; it is a book which we whole-heartedly 
recommend to all students of physics. 


Chemistry and Colour. 


La chimie des matiéres colorantes organiques. 
Par Dr. Pierre Castan. (Encyclopédie scienti- 
fique: Bibliothéque de chimie.) Pp. 456. 
(Paris : Gaston Doin et Cie, 1926.) 30 francs. 


THE editor of the ‘Chemical Library,” of which this 
book forms a unit, does not aim at producing 
dictionaries or books of reference, but books that 
will be read not by the chemist alone, but also 
by those who are interested in other branches of 
science, and by the general reader. The complete 
library will contain some eight volumes on general 
chemistry, twelve on inorganic chemistry, and 
eleven on organic chemistry, of which this volume 
is the second to appear. 

The author is to be congratulated on having 
produced a most readable book, of which the open- 
ing chapter on the relation between the colour and 
constitution of organic compounds is a remarkably 
clear exposition of this important problem. In 
the succeeding eight chapters the chemistry of 
the different classes of synthetic dyestuffs is 
discussed, the final chapter being devoted to the 
naturally occurring colouring matters. Within 
the limited scope of the present volume there is no 
place for a section dealing with the chemistry of 
dyestuff intermediates ; it is to be hoped that this 
serious omission will be rectified in some succeeding 
volume of the series. 


Pyrosole : das kolloide Phinomen in der gliihend 
Fliissigen Materie und seine Erstarrungszustande. 
Unter Beriicksichtigung des latenten photo- 
graphischen Bildes. Von Prof. Dr. Richard 
Lorenz und Prof. Dr. Wilhelm Eitel. (Kolloid- 
forschung in Einzeldarstellungen, Band 4.) Pp. 
ix+290+20 Tafeln. (Leipzig: Akademische 
Verlagsgesellschaft m.b.H., 1926.) 20 gold marks. 


COLLOIDAL solutions in which the continuous 
medium is solid at ordinary temperature are 
common in industrial processes, but owing to the 
experimental difficulties of investigating them, they 
have received less attention than solid-liquid 
systems. Prof. R. Lorenz is a pioneer in this 
field, and the monograph gives a summary of our 
knowledge of metal fogs in fused salts, coloured 
glasses, and the colloidal materials in minerals and 
slags. The consideration of similar solid colloidal 
solutions formed by the action of light leads 
naturally to an account of modern work on the 
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photohalides and the latent photographic image. 
The excellent and numerous illustrations assist in 
making the book exceptionally interesting and 
useful. ; 

Miscellany. 


Tabule Biologice. Ed. W. Junk. Herausge- 
geben von C. Oppenheimer und L. Pincussen. 
Band 3: Allgemeine Chemie, Konstanten chem- 
ischer Verbindungen, Chemie der Organe, Stoff- 
wechsel, Grosse und Massen-Verhiltnisse beim 
Menschen, Pharmakologie, Immunitat. Pp. vi+ 
829. (Berlin: W. Junk, 1926.) 63s. 

THe contents of the third volume of “ Tabule 
Biologice,’’ which we have recently received, are 
somewhat inadequately indicated by the short 
titles of the different sections, given above. A vast 
amount of information of interest to physiologists 
and biochemists may be found here, which, in 
general, appears to be adequate and up-to-date. 
Thus the formule and chemical and physical 
constants of all the better-known substances on 
which physiologists and pharmacologists may 
require information are given in this volume ; 
data are provided on the different natural and 
synthetic drugs used in medicine, including a most 
useful table of the innocuous, toxic, and lethal doses 
of a great variety of compounds. This volume also 
contains data on the chemistry of different organs 
and on metabolism ; in the latter section may be 
found such information as the oxygen and sugar 
consumption of different tissues, the heat value 
and composition of different foodstuffs, and the 
physical constants of man himself at all ages. 
Whilst, as is perhaps inevitable in a work of this 
kind, equal stress is laid on data which may be of 
unequal value owing to the differences in the 
number of experiments on which the figures are 
based, and whilst in places the data themselves 
appear inadequate, as, for example, the table on the 
vitamin content of different foods, yet our thanks 
are due to the editor and his collaborators for 
providing biologists with such readily accessible 
information on a wide variety of subjects, culled 
from so many different sources. 


Die Kriegsschauplatze 1914-1918 geologisch darge- 
stellt. Herausgegeben von Prof. Dr. J. Wilser. 
In 14 Heften. Heft 14: Die Isthmuswiiste und 
Paléstina. Von Dr. Paul Range. Mit einem 
Beitrage von Dr. Walter Hoppe: Paldonto- 
logie und Paléogeographie der Jura- und Kreide- 
schichten der Isthmuswiiste. Pp. vi+82. (Ber- 
lin: Gebriider Borntraeger, 1926.) 11-40 gold 
marks. 


Durine the War, Dr. P. Range was attached to the 
German-Turkish forces operating in Palestine to 
advise on the important matter of water-supply, 
and so had the opportunity of making a fairly 
detailed geological reconnaissance of the coastal 
plain of Palestine and the desert of northern Sinai 
(the Isthmus Desert) to the south. His chief 
observations have already been published in a 
number of papers in German periodicals, and 
include the discovery of important exposures of 
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Jurassic rocks in the Maghara Range, in northern 
Sinai—a discovery in which, however, he had been 
anticipated by a Frenchman, M. Couyat-Barthoux, 
a year or two previously. 

Since the War, a number of important papers 
on the geology of Palestine have appeared from 
other quarters also, and it is gratifying to note 
that the recent important discoveries of marine 
Trias and Jura in nearer Transjordania have been 
made by British geologists. 

In including an account of these recent advances 
the present volume fulfils a useful purpose. It 
rather supplements than replaces the section on 
Palestine in Prof. M. Blanckenhorn’s volume, 
“Syrien, Arabien, und Mesopotamien,” published 
in 1914 in the “Handbuch der regionalen 
Geologie.’ Very little is said about the structural 
features of the region and their history, most of 
the book dealing purely with the stratigraphy. 
For a treatise of its size, too much space is filled 
by long lists of fossils, copied from recent palzonto- 
logical papers on the area. Dr. W. F. Hume will 
be surprised to see himself referred to on p. 2 as 
“der inzwischen verstorbene Direktor der Geo- 
logical Survey of Egypt.” 


Exercices de calcul différentiel et intégral. Par 
Abbé Potron. Premier volume: Résumé théo- 
rique et énonces d’exercices. Pp. xviii +332. 
(Paris: J. Hermann, 1926.) 35 francs. 


Most of the standard French treatises on mathe- 
matical analysis expound the subject in a way that 
gives but little help to a student by supplying him 
with exercises to test his progress. The volume 
before us is welcome as a useful supplement to such 
treatises. It contains more than a thousand un- 
worked examples on the differential and integral 
calculus, including their geometrical applications, 
and on differential equations. Many of the 
problems have been proposed as examination 
questions in the French universities, and show the 
tendency of mathematical thought there in recent 
years. Short and unexhaustive notes on the 
theoretical groundwork involved are added, but 
the book is in no sense a treatise on infinitesimal 
calculus. Although the range covered aims at 
being a wide one, there are omitted many branches 
of the subject with which every well-trained 
mathematical student should be familiar. . 


L’ Art musical dans des rapports avec la physique. 
Par Prof. Jean Becquerel. (Extrait du tome 2 
du Cours de Physique.) Pp. iv+79. (Paris: 
J. Hermann, 1926.) 6 francs. 


JEAN BECQUEREL has the unique distinction of 
being the fourth in a direct line of distinguished 
physicists extending over more than a century, 
and occupying, moreover, the same official position 
in the National Museum, Paris. This portion of 
the author’s “Cours de Physique ”’ is separately 
reprinted in a handy form useful to both musicians 
and physicists. In the question of melodic scales 
it supports Helmholtz as against the strict Pythag- 
oreans. 
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Our Bookshelf. 


Racial Evolution. 


The Pedigree of the Human Race. By Prof. H. H. 
Wilder. Pp. xiv+368. (London, Calcutta and 
Sydney : George G. Harrap and Co., Ltd., 1926.) 
12s. 6d. net. 


In this’ “ Pedigree of the Human Race,” the 
author writes as a professional zoologist ‘“‘ in- 
vestigating the history of a single animal species 
which has become universally distributed.” His 
style is one to which readers of books on early 
man on the eastern side of the Atlantic are little 
accustomed ; it has much of the austerity of a 
text-book for the schools. There is great gain in 
clearness by this method of treatment, especially 
in the early stages, where the author deals far more 
fully than is usual with the data of paleontology. 
As a zoologist the author is inclined to pay less 
attention to what he regards as the amour propre 
of man. He holds that the differentia of man are 
insufficient to place him in a separate family. He 
also puts forward a new system of ethnological 
classification based upon the view that racial 
evolution proceeds from an indifferentiated non- 
specialised stock towards differentiation and 
specialisation. This method, however, is not new 
in its conception, but rather in the detailed applica- 
tion in which it has here been worked out. The 
undifferentiated, least specialised race is, naturally, 
the Australian, the protomorph, followed by two 
metamorphic races, Caucasian -Mongolians and 
Ethiopians. Then come the archimorphs, proto- 
Caucasian, proto-Mongolian, and proto-Ethiopians. 
The classification is obviously of great interest, 
but in detail seems open to criticism. It is neces- 
sarily given in skeleton, and before criticising it, it 
would be desirable to know how the author has 
handled the data on which it is based. His treat- 
ment of the Malay, for example, does not seem 
entirely satisfactory. “The most singular co- 
incidence in anthropological history ’’ to which the 
author directs attention, by which Pithecanthropus 
was brought to light in the year of Haeckel’s 
sixtieth birthday, 1894, he must abandon, no 
doubt with regret, as that discovery was made in 
1891-92, as correctly given on a previous page. 


The Formation of the Greek People. By Prof. A. 
Jardé. Translated by M. R. Dobie. (The 
History of Civilization Series.) Pp. xvi+359. 
(London: Kegan Paul and Co., Ltd. ; New York : 
Alfred A. Knopf, 1926.) 16s. net. 

THis volume of the ‘“ History of Civilization ” 

Series is an attempt to explain the Greek ‘ miracle,’ 

meaning, as Mr. Henri Berr says in his preface—not 


a miracle in the sense of Christian mysticism, but 
an object worthy of admiration, with an implication 
of contingency. M. Jardé has given his readers an 
analysis of the course of events in the various city 
States in their external relations inter se and with 
other peoples, of their political, social, and intel- 
lectual development, of Hellenic expansion and the 
development of Hellenic unity, which is little short 
of brilliant. Yet it is difficult to characterise the 
book as a whole, and gauge its success in achieving 
its object, for it is a paradox, both as a whole, as 
the author acknowledges, and also in its parts. 

Both anthropologist and geographer may feel 
that notwithstanding M. Jardé’s admirable account 
of geographical conditions and racial elements, in 
turning aside to find the answer to his problem in 
the efforts of man which “ turn possibilities into 
realities,’ he has perhaps missed the subtler factors 
of the solution. If to find an explanation in trac- 
ing the historical course of events in each State up 
to the unification of Greece under Macedon be a 
paradox, it is even more paradoxical to regard the 
course of events as unconditioned excepting so far 
as causally connected in succession one to another, 
when once they have been set in train. After this 
comment—for it is scarcely a criticism—it is perhaps 
unnecessary to say that M. Jardé’s contribution to 
the series is both interesting as an analysis of city 
State history and stimulating, if not provocative, 
as an exercise in historical method. 


Primitive Culture in Italy. By Prof. H. J. Rose. 
Pp. ix +253. (London: Methuen and Co., Ltd., 
1926.) 7s. 6d. net. 


Mr. Rosk’s companion volume to his “ Primitive 
Culture in Greece,” if introduced into schools, 
might well serve to eliminate much of the dreariness 
which teachers of the classics have too often suc- 
ceeded in introducing into the study of Roman 
religion and social organisation. Postulating a 
primitive culture and religious belief in which 
mana is the predominant element—mana, Mr. 
Rose points out, is a conception to which nuwmen 
is closely akin—he shows that in classical Italy 
religion — tue gods, worship, and magic — the 
calendar, the conceptions attaching to priests and 
kings, and the organisation of the family and the 
clan, the ideas-“underlying the law relating to 
crimes and torts, property, etc., on analysis yield 
an element referable to certain primitive concep- 
tions; in other words, that much in the ob- 
servances of classical times is explicable only as 
survival from prehistoric times. Mr. Rose’s treat- 
ment of religion is particularly illuminating, and 
his suggestion that the practical aim of ritual and 


{et 
‘ 
; 
5 
- 
' 
| 
; 
| 
| 
| 
| 
| 
| | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
j 
| 
| 
| 
| 
| 
| 
| 
| 


10 Supplement to “ Nature,” March 19, 1927 


observance was essentially occasional and intended 
to direct mana into profitable channels does offer 
a reasonably sound explanation of the Roman 
deities, which stand apart from the circle of deities 
obviously imported from outside. 


Origins of Education among Primitive Peoples: a 
Comparative Study in Racial Development. By 
W. D. Hambly. Pp. xx + 432 + 79 plates. 
(London: Macmillan and Co., Ltd., 1926.) 
25s. net. 


ConTRARY to popular impression, little boy and 
girl savages do not live quite a care-free existence, 
even though they are often more spoiled by their 
parents than the child of civilisation. The medium 
of their education often disguises the fact that they 
are being educated. As with all animals, the early 
stages of education, largely but not entirely 
physical, are almost wholly carried on through the 
play activities—among the boys, mimic hunting, 
fighting, and care of cattle ; among the girls, care 
of dolls, and simulations of women’s work in the 
field and home. Sometimes instruction may be 
even more organised and the father will take the 
boys as his helpers, while the mother requires the 
assistance of the girls in her work, an appropriate 
task to be learned at each age. The subject of 
education among primitive peoples has not been 
adequately studied, and Mr. Hambly’s book serves 
a useful purpose in gathering together the facts 
as they have been recorded by travellers and 
ethnographers. He has brought out very clearly 
not only the value of the instruction imparted in 
puberty and initiation ceremonies, but he also 
emphasises what is apt to be overlooked, namely, 
the importance of the environmental influence 
by which the ethical code of the community 
forcibly, if imperceptibly, impresses itself upon 
the individual. 


Elementary Botany. 


Elementary Botany : an Introduction to the Study of 
Plant Life. By Dr. W. Watson. Pp. viii +368. 
(London : Edward Arnold and Co., 1926.) 6s. 6d. 


THE number of elementary botanical text-books 
published in England and America is now so large 
that it is perhaps not hypercritical to expect that 
any addition to their number should contribute 
originality either in substance or in treatment. 
The text-book before us departs from the con- 
ventional type chiefly in its omissions. Thus, 
although the reader will find the elaters of the 
liverwort described both as to their structure and 
function, the fibrous layer of the angiospermic 
anther receives but passing mention, and incident- 
ally is erroneously figured. Similarly, though the 
reader will find details of the microscopic structure 
of the thallus of Xanthoria, he will not grasp those 
details of the stoma of the flowering plant upon 
which its action depends. 

The description is simple and direct though at 
times a trifle colloquial, and not infrequently the 
phraseology does not sufficiently guard against the 


perpetuation of common errors. Such a statement, 
for example, as that ‘respiration is merely a 
method whereby oxygen can be supplied to the 
tissues in the working part of the body and the 
waste carbon dioxide taken away,” will, despite 
the context, probably lead to grave misconcep- 
tions in the student’s mind. Again, in the de- 
scription of the tissue elements, in the ex- 
planation’ of Mendel’s results, and elsewhere, there 
appears to be a lack of appropriate emphasis on 
essentials. 

Suggestions for experimental work of a simple 
character are interspersed in the text, and the 
physiological and histological aspects are appro- 
priately interwoven with the morphological treat- 
ment. 


A Practical Introduction to the Study of Botany. 
(Specially intended for the Use of Indian 
Students.) By Sir J. Bretland Farmer and Dr. 
Haraprasad Chaudhuri. New edition. Pp. viii 
+300. (Calcutta, Bombay and London: Long- 
mans, Green and Co., Ltd., 1926.) 3 rupees. 


It is some years since the original edition of this 
book appeared. Since then considerable advances 
in our knowledge have been made which are 
not adequately reflected in these pages. It is 
true that the trend of modern botanical progress 
is recognised by the inclusion of a chapter on 
ecology and one on evolution and heredity, but, 
to employ the jargon of the diplomatist, these 
amount to little more than ‘ gestures,’ since 
ecology is disposed of in five pages chiefly devoted 
to an enumeration of Warming’s habitat classes, 
whilst evolution and heredity furnish the subject 
matter of barely four pages, of which two deal 
with the familiar Mendelian segregation. 

The chief modifications from the earlier edition 
concern the substitution where necessary of Indian 
for European types and appropriate modifications 
in the families considered. Several errors of the 
original edition remain uncorrected, as, for example, 
the figure of the vascular system of the dead- 
nettle, in which the four main bundles are shown 
in duplicate, and the figure of Sonchus crispus 
which appears as Sonchus oleraceus. We may 
note, too, the absence of ligules from Fig. 154 
purporting to represent a longitudinal section of 
a Selaginella cone. There are also several irri- 
tating if minor misprints, and one cannot but 
regret that the occasion was not taken to 
revise the work completely and bring it up-to- 
date. 


The Story of the Plants. By Grant Allen. (Hodder 
and Stoughton’s People’s Library.) New edition, 
fully revised and annotated, and with a Bio- 
graphy of the Author by Marcus Woodward. 
Pp. 200. (London: Hodder and Stoughton, 
Ltd., n.d.) 2s. 6d. net. 


Grant ALLEN’s “ Story of the Plants ”’ is a work 
which had a considerable vogue at a time when 
popular books on botanical subjects were com- 
paratively few. In the present abridged edition, 
although the original text remains unchanged, 
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except for deletions, the editor has wisely prefaced 
each chapter by a short introduction correcting 
some of the errors of which the author was guilty, 
and placing the text in relation to modern know- 
ledge. There is, indeed, so much at the present 
day to modify, either in fact or inference, that the 
interest of the work is largely historical. Grant 
Allen took considerable licence as to his manner 
of expression, whilst some of his statements were 
not always too well based, but the merits of his 
writings must be judged by the available knowledge 
at the date of publication. The time has fortun- 
ately long since passed when accuracy of description 
was incompatible with popular appeal, a position 
which we owe in no small measure to the activity 
of ‘natural history societies and the growing re- 
cognition that a real understanding of biology is an 
essential part of a liberal education. Many will 
therefore welcome the opportunity of becoming 
acquainted at small cost with a work which played 
a part in the popularisation of natural science 
some thirty years ago. 


Plant Products. 
Gum Arabic: with Special Reference to its Produc- 


tion in the Sudan. By H.S. Blunt. Pp. 47+ 
22 plates. (London: Oxford University Press, 
1926.) 10s. 6d. net. 


Tue author, who is assistant conservator of forests 
to the Sudan Government, states in the preface 
that he has been persuaded to place on record some 
of his observations on gum arabic carried out 
during five years’ work in one of the main gum- 
producing districts of southern Sudan. A per- 
usal of the book gives the reader quite a vivid 
. impression of the local conditions of collection and 
cultivation, as well as details as to markets, freight, 
royalties, water supply, etc., and as a more or less 
informal record of observations made on the spot 
it will be read with profit by those interested in the 
gum-arabic trade. The book cannot, however, be 
regarded as a serious contribution to the scientific 
aspects of the question. For example, the open- 
ing sentence of the section on chemical properties— 
“Gum may be regarded as a potassium and 
calcium salt of gummic or arabic acid of the general 
formula (C, Hj» O;) ”’—scarcely inspires confidence. 
Reading on, one finds a detailed account of how to 
dissolve gum arabic in water for the purpose of 
determining its viscosity, but there is no indication 
as to how the measurement is made, and, moreover, 
the figures given to represent the viscosity appear 
to show that in five cases out of six the viscosity 
of a 20 per cent. aqueous solution is less than that 
of a 10 per cent. solution. Again, a paragraph on 
p. 43 states that ‘‘ The author has seen and isolated 
a bacillus both from a solution made from branches 
of the tree and from the gum itself. In each case 
the bacterium seen was exactly the same. -The 
organism appeared to be rod-shaped and was 
extremely mobile.” One is inclined to wonder 
what a bacteriologist would think of such an 
identification. 
In view, however, of the fact that the author 


modestly states that he is cognisant of the incom- 
pleteness of his work, he would probably lay no 
claim to writing a scientific treatise, but that is 
all the more reason for either avoiding scientific 
aspects or else subjecting the manuscript to critical 
revision by experts. The numerous illustrations 
at the end of the book add greatly to the interest 
of the text, though, strange to say, they are but 
rarely referred to there. 


Plant Products. By 8. Hoare Collins and George 
Redington. (Industrial Chemistry Series.) Pp. 
xiii + 262. (London: Bailliére, Tindall and 
Cox, 1926.) 10s. 6d. net. 


Tuis is the second edition of the first author’s 
** Plant Products and Chemical Fertilisers’; the 
title has now been abbreviated, as the chapters 
dealing with artificial fertilisers have been slightly 
curtailed, the subject having been more fully 
treated in the companion volume, “Chemical 
Fertilisers.”” The general arrangement of the book 
is much the same as~before, but the third part has 
been extended somewhat to include a short account 
of the main factors operative in the process of 
photosynthesis, while the fourth part has been 
modified considerably by the inclusion of modern 
conceptions of the values of food materials. 

Taken as a whole, the book will be found to be 
most readable and to contain a great variety of 
interesting information, but in many cases the 
treatment is distinctly scrappy, and it is to be 
regretted that some of the facts concerning pectins 
and mucilages have not been brought up-to-date. 
The indexing also is very poor; in one case the 
name Hokkaido of the Japanese University in that 
place is given as a reference to a paper. on acid 
mineral soils by three authors of entirely different 
names. It is to be hoped also that the large 
number of misprints of names of authors, etc., will 
be corrected in any future edition. 


Horticulture. 


(1) The Principles and Practice of Horticulture. 
By A. 8. Galt. (Text-Books on Agriculture.) 
Pp. viii+240. (London: University Tutorial 
Press, Ltd., 1926.) 3s. 6d. 

(2) Fruit Growing. By Prof. W. H. Chandler. 
Pp. xv +777. (London, Bombay and Sydney : 
Constable and Co., Ltd., n.d.) 21s. net. 


HorTICULTURE is one of the most ancient industries, 
yet as a science it is a mere babe. Not a few who 
are engaged in the industry have yet to awake to 
the existence of the science. Here are two books 
which should speed up that awakening. 

Though written by teachers well known in the 
horticultural spheres of England and the United 
States, these two books are in every other respect 
as different as, let us say, chicory from cherries. 
(1) Mr. Galt’s book is quite in the traditional style 
(and English, not American, tradition at that), 
founded mainly on long-established practice, with 
all too few references to the results of recent 
research. Even these few are not always so 
accurate as might be wished ; it is to be hoped that 
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if a second edition is called for, the table on p. 194, 
vitally influencing as it should the practice of fruit- 
planters, may at least be corrected. Again and 
again one is pulled up short by question-begging 
statements, based sometimes on _ observation, 
often merely on long-cherished opinions. How 
often these traditional views and practices have 
had to go by the board is shown in the second 
of these books. 

(2) Prof. Chandler has produced as compre- 
hensive a review of agricultural and horticultural 
research, in their bearing on fruit-growing, as the 
most exacting reader could demand. His title, 
however, is somewhat misleading. Though fruit- 
growers as a body are far more alive and interested 
in research than they were twenty, or even ten, 
years ago, there are still very few in whose hands 
this book could be placed with some hope of its 
being adequately studied“ That it is directed 
primarily towards those engaged in research is 
shown in the introduction, which plunges forthwith 
into a detailed discussion of the reliability of field 
experiments, the probable error, and other mathe- 
matical concepts used by up-to-date research 
workers, but meaningless to a very large propor- 
tion of practical fruit-growers. 

Yet much of this book would be easily assimil- 
able by the average fruit-grower if only he could 
be persuaded to give his mind to the study of it. 
The author is far from ignoring current practice, 
but shows wherever possible to what extent it is 
justified by the results of research ; and he is not 
afraid to show how frequently the results obtained 
by different workers are contradictory. He even 
gives more or less satisfactory explanations of 
these contradictions, and is always careful to give 
the reader some indication of the probable relia- 
bility of each result. The book is concluded by 
an admirably arranged and most comprehensive 
bibliography. 


Farm Management. 


(1) Farm Calculations and Accounts, including a 
Thorough Treatment of Agricultural Calculations 
and of the Business Transactions of the Farm. By 
Dr. Arthur G. Ruston and C. Vivian Dawe. 
(Text- Books on Agriculture.) Pp. x + 222. 
3s. 6d. 

(2) Farm Measurements: a Practical Treatment of 
Problems in Mensuration. By Dr. Arthur G. 
Ruston and C. Vivian Dawe. (Text-Books on 
Agriculture.) Pp. x+163. 2s. 6d. 

(3) Agricultural Surveying, including Mensuration, 
Road Construction and Drainage. By John 
Malcolm. (Text-Books for Agricultural Students.) 
Pp. vii+313. 5s. 6d. 

(London : University Tutorial Press, Ltd., 1926.) 


THE importance of accurate figure work in agri- 
culture, as in costings accounts and measurements 
of various types, is reflected in the production of 
text-books specially adapted for the use of farmers 
and agricultural students. 

(1) In “ Farm Calculations and Accounts’”’ the 
preliminary chapters are devoted to a simple 


exposition of the arithmetical rules, fully illustrated 
by examples drawn from ordinary farm life. These 
rules are then applied to such items as household 
and commercial accounts, valuation and purchase 
of manures, calculation of costings appertaining to 
crops, foodstuffs, and livestock. The value of 
graphs for the diagrammatic representation of 
facts is indicated, with examples of the various 
ways in which a graph can be projected. A speci- 
ally useful feature is a short chapter on the 
writing of business letters, a matter in which 
much haziness prevails as to the correct order of 
procedure. 

(2) In their other book referred to above, Dr. 
Ruston and Mr. Dawe deal with the methods used 
in obtaining lengths, areas, and volumes associated 
with farm practice, attention also being given to 
brickwork and building construction and _ to 
matters connected with water supply, work, and 
power. Measurement of standing timber, spread- 
ing of farmyard manure, and estimation of weight 
of roots per acre are among the special items dealt 
with in some detail. 

(3) Mr. Malcolm’s work covers a somewhat 
different field from the foregoing, in that it includes 
mensuration, road construction, and drainage. An 
excellent description is given of methods ‘of field 
surveying, a point specially to be commended being 
the mention of many details the knowledge of which 
makes for smooth and accurate working. The 
use of the various instruments is well described, 
and the book should be valuable not only for 
surveying students connected with agriculture, but 
also for others. 


Estate Accounts. By C. 8. Orwin and H. W. 
Kersey. Pp. vi+45. (Cambridge: At the 
University Press, 1926.) 3s. 6d. net. 


THE object of estate accounting is to assist in 
management quite as much as to act as a check 
to expenditure, but very few books are available 
which describe desirable methods to be adopted. 
The present volume aims at presenting a system 
of estate book-keeping which entails the minimum 
of clerical labour, and provides the maximum 
amount of detailed and analysed information. 
The method suggested is very elastic, and is 
exemplified by a full year’s working of one par- 
ticular estate, showing all the necessary associated 
accounts, with the subsidiary books and records 
in the hands of subordinate workers. 

A picture of the financial history of an estate is 
not easy to visualise from a consideration of the 
account books for several consecutive years, but 
it is clearly portrayed by means of graphical 
representation of the different accounts. Illus- 
trations are given of graphs showing such items 
as rental, property. tax and super tax, tithe rent 
charges and improvement rent charges, which 
demonstrate how useful such a method of delinea- 
tion may be in the hands of estate agents and 
property owners. It indicates clearly the effect 
of changes of estate policy, of public policy, and 
of economic conditions on the fortunes of the 
estate. 
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Oil and Ore Deposits. 


The Location of Mineral Fields : Modern Procedure 
in the Investigation of Mineral Areas and the 
Subsequent Verification of their Extent, etc. By 
M. H. Haddock. (Lockwood’s Manuals.) Pp. 
vii +295. (London: Crosby Lockwood and Son, 
1926.) 9s. 6d. net. 


THe outstanding merit of this book is that 
it co-ordinates much useful and practical in- 
formation scattered through a number of other 
works. Dispensing with any introductory matter, 
the author commences to deal with certain geo- 
metrical properties of mineral deposits, as dip, 
strike, depth and thickness of strata, and the 
determination of these by calculation and by geo- 
metrical methods. Two chapters follow on con- 
touring and the form of outcrop and mineral 
mapping practice. Under borehole surveying, 
both early and modern methods are discussed ; the 
determination of the dip and strike of a seam by 
means of three boreholes is taken as a typical 
practical example and dealt with in all its possi- 
bilities. Faulting and folding is treated with the 
aid of many explanatory figures, and the determina- 
tion of fault data by calculation is discussed. 

The chapter on applied geophysics, a subject on 
which a separate book is long overdue, deals with 
the chief physical methods employed for the 
location of ore bodies, the instruments used, and 
some applications of these. This chapter is 
perhaps one of the best available summaries, in 
English, of the practical details and significance of 
geophysical methods. It is, however, difficult to 
see why Germany and Sweden should be persistently 
regarded as the only countries in which progress in 
geophysical methods of investigation and prospect- 
ing has been made since 1918 ; important research 
has been carried out in England, particularly with 
regard to the Eétvés torsion balance. Chapters 
on spherical trigonometry and astronomical methods 
in so far as they concern surveying, and on triangu- 
lation, are sound and replete with practical informa- 
tion. The correlation of surface and underground 
surveys occupies the last chapter. 

This book does not concentrate on the theoretical 
aspects of the problems involved, but attacks each 
subject from the practical point of view; it is a 
thoroughly practical disquisition and should com- 
mend itself to mining students and others. 

F. 


The Geology of Oil, Oil-Shale and Coal. By Dr. 
Murray Stuart. Pp. ix+104. (London: Mining 
Publications, Ltd., 1926.) 7s. 6d. net. 


AN ambitious title, a few bold theories, some 
sweeping deductions based, perhaps, on slender 
evidence, the forging of a few weapons of attack 
for the oil geologist’s armoury, one or two critical 
causeries: these constitute the chief features of 
this unorthodox little volume. Impressed by the 
fact that oil deposits “ retain no fossil evidence of 
the origin of the oil” (?), the author is led to the 
conclusion that in such cases it has probably been 
deposited along with the sediment according to 


generally accepted principles of deposition ; this, 
the first hypothesis. Turning next to coal, “ each 
little layer . . . represents an individual sedi- 
mentary stratum.” This implies that coal does 
not represent a state of carbonisation of vegetable 
matter in situ, but rather the consolidation of black 
mud directly transported by rivers from fresh- 
water swamps and laid down normally with sedi- 
mentary detritus: thus the second theory, origin- 
ally formulated by Jukes, resuscitated by the late 
Charles Lapworth in the course of a lecture in 1906, 
from which the author acknowledges inspiration 
in his preface. 

Petroleum in dolomitised limestones ipso facto 
disposes of the theory of its sedimentary deposition 
in such cases; hence these special circumstances 
are examined and the conclusion reached that 
foraminifera with specific bacterial aid are the 
influential contributors, fossils of bottom-living 
forms being absent. A further hypothesis con- 
cerns Burma petroleum and suggests the silicified 
wood of Dipterocarpus as a possible mother- 
substance, a theory which has recently engaged 
the critical attention of L. Dudley Stamp. Thus 
we reach the author’s ‘six points’ for the oil 
geologist, wherein attention is directed to dolo- 
mitised limestones, as above outlined, to foramini- 
feral or diatomaceous shales minus bottom-living 
fossils (diatoms have lately been discounted by 
American geologists as being fundamental in the 
mother-substance of the really classical example, 
the Monterey Shale of California), the lateral varia- 
tion of coal seams through torbanite to oil-shale or 
into liquid petroleum (given suitable carbon ratios 
and geological circumstances), the fossil wood 
origin of petroleum theory, and lastly, the associa- 
tion of oil with dynamically disturbed marine coals. 

A penultimate digression discourses on oil in 
Great Britain (an unhappy subject), future de- 
velopment in Burma, possibilities in north-west 
India and Australia. The valedictory is, curiously, 
on “Speculative Geology.” But surely the whole 
book is essentially this? At all events, given a 
similar frame of mind, the reader will probably 
not find his time wasted. 


Popular Astronomy. 


Modern Astronomy : its Rise and Progress. By Dr. 
Hector Macpherson. Pp. viii+196. (London: 
Oxford University Press, 1926.) 6s. net. 


Tuts little book consists of a series of ten lectures 
delivered by the author as Thomson lecturer in 
natural science for the session 1925-26 at the 
Aberdeen United Free Church College. The sub- 
ject matter of modern descriptive and physical 
astronomy is treated historically, particular atten- 
tion being given to those ideas of earlier times 
from which modern ideas have most directly 
developed. The period covered by the survey 
extends from the time of Copernicus up to the 
present day. Prominence is given to the views, 
not only of the recognised leaders in the subject, 
but also of some of those whose conclusions are 
less widely accepted and have, perhaps, not 
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received the attention which they deserve. Quota- 
tions occur frequently throughout the book. 

The treatment is lucid, interesting, and in the 
main accurate, and the book should prove useful, 
especially to amateurs with little time for a detailed 
study of the subject. Those with a slight previous 
knowledge of astronomical ideas and nomenclature 
will receive the greatest benefit from its perusal. 
There are a few mistakes which are not of the first 
importance, but should be removed in possible 
future editions. Thus on p. 96 it is stated that 
Lebedeff verified the law of radiation pressure, and 
on p. 123 Eddington’s theoretical researches are 
said to have confirmed the pulsation hypothesis of 
Cepheid variation. The book is well produced 
and pleasant to handle, but would have been much 
improved if the proofs had been read more carefully. 
There are several misprints which make meaning- 
less the sentences in which they occur, and in one 
instance at least (p. 110) a false meaning is given 
when the distance of 61 Cygni is recorded as about 
forty million (instead of billion) miles. On the 
whole, however, the book is substantially trust- 
worthy, and can be recommended to those requiring 
a book of its type. 


(1) The Romance of Comets. By Mary Proctor. 
Pp. xiii + 210 +16 plates. (New York and 
London: Harper and Bros., 1926.) 7s. 6d. net. 

(2) Legends of the Sun and Moon. By Mary Proctor. 
Pp. 159. (London, Calcutta and Sydney : George 
G. Harrap and Co., Ltd., 1926.) 1s. 3d. 


(1) “The Romance of Comets” is essentially a 
book for leisure reading, and is written primarily 
for those possessing little or no knowledge of 
elementary astronomy. Throughout, considerable 
space is devoted to anecdotes and reminiscences, 
most of which contribute materially to the read- 
ableness of the book, although one or two are 
interpolated rather unnecessarily. The titles of 
the nine chapters indicate the scope of the contents, 


_as, for example, (1) comets as portents, (4) comets 


in distress, (6) return of Halley’s Comet in 1910, 
(8) meteor streams. Chap. ii., “ Comet-Hunting 
as a Hobby,” which contains a delightful account 
by the late Prof. Barnard of ‘‘ The house that was 
built with comets,” should win more than one 
reader to the ranks of amateur astronomers. 

In spite of the use of simple language and several 
helpful analogies, some passages are obscure or 
convey a wrong meaning (pp. 15, 83-84, 95, 121). 
The introduction of “‘ Hints for Amateur Photo- 
graphers,” pp. 83-91, is somewhat pointless, as 
the reader on perusal will be led to infer that the 
equipment required for cometary photography lies 
far beyond his means. A few misprints have been 
passed, the most important being in the footnote 
on p. 125—for 1965 read 1985. The type is 
pleasant to read, and the illustrations are good. 
On the whole, it may be said that this book will 
be read with pleasure and interest by those who 
wish for a simple account of these remarkable 
objects to which astronomers have devoted so 
much study and patient observation since the time 
of Edmund Halley. 


(2) In “ Legends of the Sun and Moon” Miss 
Proctor has produced for young readers an interest- 
ing collection of myths, superstitions, and customs 
relating chiefly to the sun and moon. 


Relativity. 


(1) Readable Relativity : a Book for Non-Specialists. 
By Clement V. Durell. Pp. vii+146. (London : 
G. Bell and Sons, Ltd., 1926.) 3s. 6d. net. 

(2) From Kant to Einstein. By Hervey de 
Montmorency. Pp. iii+39. (Cambridge: W. 
Heffer and Sons, Ltd.; London: Simpkin, 
Marshall and Co., Ltd., 1926.) 2s. 6d. net. 


(1) Tue title of Mr. Durell’s book is somewhat 
misleading. The book is readable only to those 
whose familiarity with algebra approaching matricu- 
lation standard is very intimate, for it abounds in 
simple mathematical formule. However, for such 
inquirers it is certainly very readable, and is one 
of the best expositions of its kind that we have 
seen. The fundamental principles of the theory 
are very clearly explained, and almost every 
general statement is illustrated by a good numerical 
example, for which many readers will be very 
grateful. Each chapter concludes with a number 
of test questions, of which the answers are given 
at the end of the book. The treatment in parts 
is perhaps too detailed ; thus the deduction of the 
Fitzgerald-Lorentz equations of transformation 
occupies eleven pages, although mathematical 
symbols are used and all the necessary preliminary 
ground has previously been covered. This tends 
to obscure rather than to illuminate. 

We must dissent from Mr. Durell’s statements 
that the progress of modern astronomy “is due 
entirely to the successive aids that inventions 
have given in supplementing the powers of naked 
eyes and naked hands ” (p. 8), and that whenever 
the separation between two events is real, “ there 
is some causal connection between the events” 
(p. 77). On the whole, however, the book has 
given us great pleasure, and can be confidently re- 
commended as a trustworthy and interesting guide 
to Einstein’s theory. This applies particularly to 
the account of the restricted theory of relativity, 
to which about five-sixths of the book is devoted. 

(2) Mr. de Montmorency’s book appears to be a 
not wholly intelligible attempt to judge Einstein’s 
theory of relativity by the standard of Kant’s 
philosophy. As he puts it: ‘‘ Kant’s doctrines 
may serve as a canon for judging Einstein’s pro- 
positions.” The chief point seems to be that time 
cannot be ‘ subordinate to space,” as Minkowski 
and Einstein are said to make it. Mr. de Mont- 
morency insists upon the fact that Einstein is not 
a metaphysician (without, however, apparently 
realising that his theory is a scientific and not a 
metaphysical one); he states that if he were, 
“he would choose his language with more care,” 
and asserts that “many of Einstein’s arguments 
are open to criticism and contain internal evidence 
of carelessness.”” These remarks, however, fail 
to carry much weight when their author tells us 
that ‘‘ Newton accounts for the orbit of a planet 
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thus: its path is the resultant of two forces ; 
(1) the force from which its initial velocity was 
derived ; (2) the force of gravity pulling it towards 
the sun.” When, a little later, we read that 
plane Cartesian equations “are always in two 
unknown quantities and of the second degree,” 
and that by introducing a third co-ordinate we 
can form the equation to a spiral which “ will be 
in three unknown quantities and of the third 
degree,” our respect for his criticism dwindles to 
vanishing point. The book concludes with an 
appendix consisting of ‘‘a few Lorentz-Einstein 
equations of transformation.” H. D. 


Laboratory Physics. 


High Vacua. By Dr. G. W. C. Kaye. Pp. xii+ 
175 +4 plates. (London: Longmans, Green and 
Co., Ltd., 1927.) 10s. 6d. net. 


Vacuum technique is becoming as popular a subject 
as relativity, but it offers less scope for originality 
of treatment. Dr. Kaye’s book, containing his 
Cantor Lectures, is later than the others, and there- 
fore contains a few things that his predecessors 
omit ; it is shorter, and therefore omits many 
things that they contain. It seems to be equally 
accurate ; the section on vacuum pumps—not in 
our opinion the most important aspect of the 
subject—is especially complete. The question 
whether it meets any demand not yet adequately 
met is one for the publishers rather than for the 
reviewer. 


Notes on Practical Physics: for Junior Students. 
By Prof. C. G. Barkla and Dr. G. A. Carse. 
Second edition. Pp.xii +119. (London and Edin- 
burgh : Gurney and Jackson, 1926.) 6s. 6d. net. 


THE second edition of the ‘‘ Notes on Practical 
Physics ” used by junior students in the University 
of Edinburgh does not differ greatly from the first. 
Some experiments have been added in the section 
on electricity, and cprrections have been made. 
There is an interesting section on treatment of 
observations and determination of error—a some- 
what unusual feature in a book of this standard, 
but one which is to be welcomed. The tables of 
physical constants at the end of the volume might 
well be revised and brought up-to-date. 


General Physics for the Laboratory. By Prof. 
Lloyd W. Taylor, William W. Watson and Prof. 
Carl E. Howe. Pp. vi+247. (Boston, New York 
and London: Ginn and Co., 1926.) 2.40 dollars. 


THE feature of this attractive volume which first 
compels the reader’s attention is the excellent 
series of half-tone illustrations from photographs, 
showing the apparatus set up, ready for use, in- 
cluding all minor auxiliary instruments. The 
authors point out that this plan does away with 
the necessity for a detailed description of the 
apparatus, 

The book forms a text-book of practical physics 
containing nearly fifty experiments covering a 
course such as might be followed by a ,student 
working for a pass degree in Great Britain. An 


account of the theory of each experiment is given, 
and the laboratory instructions are formulated in an 
unusually specific and detailed way. This method 
is defended by the authors, who point out that 
even instructions such as these are not too easily 
followed by a student entering on an unfamiliar 
field of manipulation. One question, however, 
suggests itself: Does the carefully drilled student 
turned out from a modern highly equipped and 
carefully organised laboratory possess the initiative 
and resource of his less fortunate predecessor, who 
was ‘ thrown in at the deep end’? Granting the 
position assumed by the authors, the book is 
excellent and wel] planned, containing many novel 
and ingenious experiments. Special mention may 
be made of an experiment for finding the accelera- 
tion due to gravity by means of a freely falling 
weight, the position of which is registered on a 
strip of paper by electric sparks jumping at regular 
intervals. 

The statement on page 211 that the Nicol prism 
was invented by “the German physicist Nicol” 
requires correction. William Nicol of Edinburgh, 
who describes himself as a lecturer on natural 
philosophy, published a description of his polarising 
prism in the Edinburgh New Philosophical Journal 
in 1829. 


General Inorganic Chemistry. 


General Inorganic Chemistry. By Prof. M. Cannon 
Sneed. Pp. vi+674. (Boston, New York and 
London: Ginn and Co., 1926.) 12s. net. 


THe author has made an excellent attempt to 
“reach a proper balance between descriptive and 
theoretical matter” in this work, and although 
undue prominence is given to the work of the 
American Chemical Warfare Service, the book 
provides a good introduction to the subject. The 
description of the commoner elements, though not 
overloaded with detail, deals with essential points, 
and the simple diagrams, especially those of in- 
dustrial processes, are admirable. Brief accounts 
are also given of many of the rarer elements. This 
descriptive work is relieved at intervals by short 
historical notes, with excellent full-page portraits 
of outstanding personalities, and by chapters on 
such topics as electrolytic dissociation, the structure 
of the atom, thermochemistry, ionic equilibria, 
colloids, chemistry in living processes, radio- 
activity, etc. The beginner may be confused by 
the use of the two units of volume, the cubic 
centimetre and the millilitre, and by the inaccurate 
definition on p. 125 of atomic weight as the least 
weight of the element in a molar volume. Nor 
will he easily grasp the difference between an 
ordinary current of positive electricity and the 
current of electrons on p. 642, but on the whole 
the style is clear. 

No misprints have been noted, but there are a 
few grammatical faults, e.g. ‘there are a great 
variety of them’ (p. 480). Such words as ‘ typal,’ 
‘inhomogeneous,’ and ‘reactant’ have an un- 
familiar sound. Aluminium and niton have been 
re-named aluminum and radon, whilst elements 
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Nos. 43, 61, and 75 are boldly called masurium, 
illinium, and rhenium respectively, and a formula 
is given for the still unknown carbonate of alu- 
minium. 


A Text-Book of Inorganic Chemistry. Edited by 
Dr. J. Newton Friend. (Griffin’s Scientific Text- 
Books.) Vol. 3, Part 2: Beryllium and its Con- 
geners. By Joshua C. Gregory and Dr. May 
Sybil Burr (née Leslie). Pp. xxvi+342. 18s. net. 
Vol. 7, Part 3: Chromium and its Congeners. 
By Reece H. Vallance and Arthur A. Eldridge. 
Pp. xxvi + 380. 18s. net. (London: Charles 
Griffin and Co., Ltd., 1926.) 


THE two new sections of Dr. Friend’s “ Text- 
Book of Inorganic Chemistry ”’ deal respectively 
with (i) beryllium, magnesium, zinc, cadmium, 
mercury, and (ii) chromium, molybdenum, tungsten, 
and uranium. They conform so closely to the 
pattern already established by earlier volumes of 
the series that very little special comment is called 
for. It may, however, be said that the type to 
which the successive volumes conform with in- 
creasing definiteness is that of a work of reference, 
which contains an array of facts which makes it 
almost impossible for the casual reader to dis- 
cover any sections which can be read consecutively 
with any degree of enjoyment. For this reason, 
indeed, it appears likely that many of those who 
appreciate at their full value the merits of the 
“ Text-book ” will put the new volumes in their 
appropriate places on the shelf without attempting 
to ‘read’ them, but with the definite object of 
referring to them when a suitable opportunity 
arises. It may perhaps be regretted that the 
general editor of the series has discouraged his 
contributors from ‘letting themselves go,’ since 
the whole work might have been transformed by 
the introduction of a number of chapters in which 
the individuality of the authors was allowed to 
stand out, especially when dealing with the more 
exhilarating topics. 


A Systematic Qualitative Chemical Analysis: a 
Theoretical and Practical Study of Analytical 
Reactions of the more common Ions of Inorganic 
Substances. By Prof. Geo. W. Sears. Second 
edition, revised. Pp. x +165. (New York: 
John Wiley and Sons, Inc. ; London: Chapman 
and Hall, Ltd., 1926.) 10s. net. 


Tuis book commences with a brief account of the 
ionic theory of solution together with the laws of 
mass action and solubility products, and continues 
with the systematic analysis of cations and, finally, 
anions. The subject matter contains no new 
methods of analysis, but is based on the methods 
of Treadwell and similar standard works. The 
first section, dealing with mass action and solubility 
products, has been well written and is easily under- 
stood. The later sections, however, are in places 
somewhat confusing to the beginner. Statements 
such as “ treat the filtrate by (10) and the residue 
by (2 c.),” or “ treat the filtrate by (20). If there 
is a residue . . . treat by (7), which are very 
common throughout the book, do not make the 


scheme of analysis easy to follow. The book does 
not seem to have any advantage either in price or 
subject matter over the numerous other works on 
this subject. : 


Organic Chemistry. 


A Student’s Manual of Organic Chemical Analysis : 
Qualitative and Quantitative. By Prof. J. F. 
Thorpe and Prof. M. A. Whiteley. Reissue with 
Appendix on New Methods of Organic Analysis, 
by H. ter Meulen and J. Heslinga. Pp. x +250. 
(London: Longmans, Green and Co., Ltd., 1926.) 
9s. net. 


Ir is an indication of the value of this work that 
a reprint has been required so soon. The new 
issue differs from the original volume reviewed in 
Nature, Nov. 14, 1925, p. 707, in one particular 
only. At the end of the book there is added an 
appendix of 41 pages by H. ter Meulen and J. 
Heslinga on improved methods of ultimate analysis. 
These authors find that, if manganese dioxide is 
used instead of copper oxide, a lower temperature 
of combustion can be employed with resultant 
economy in tubes, etc. They describe a method 
whereby oxygen can be estimated by hydrogenation 
and absorption as water, allowance being made for 
unchanged carbon dioxide which is absorbed by 
soda lime. Nitrogen is estimated either by hydro- 
genation, using powdered nickel at 250° as a catalyst 
and titration of the ammonia produced, or by 
combustion with manganese dioxide and collection 
as nitrogen. Similarly, sulphur and the halogens 
are estimated by hydrogenation to the volatile 
acids. From the particulars given, several of the 
methods seem a considerable advance on those 
usually employed. The reviewer again recom- 
mends this book to all students. 


Theoretical Organic Chemistry. By Dr. Francis 
Arnall and Francis W. Hodges. Part 1. Pp. 
xi+372. (London: J. and A. Churchill, 1926.) 
10s. 6d. net. 


Tuts book has been written on the usual lines of 
organic chemistry text-books, but suffers from a 
desire to include too much information in too small 
a space. An endeavour is made to teach organic 
chemistry from the beginning to pass degree 
standard in 360 pages. The result is that a 
certain amount of explanatory matter has been 
omitted and the student will probably fail to obtain 
a clear and intimate knowledge of the subject 
without further assistance. For students prepar- 
ing for examinations it is, however, eminently 
suitable, since it is remarkably extensive in scope, 
contains nothing unessential, and is quite up-to- 
date. Not only are the principal types of organic 
compounds described with the reactions, identifica- 
tion, and commercial application of their simpler 
representatives, but also there are chapters on 
synthesis, isomerism, tautomerism, stereoisomerism, 
ultimate analysis, molecular weight determination 
and estimation of typical groups. We have noticed 
that while a description of synthol is given, no 
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mention is made of the more important commercial 
synthesis of methyl alcohol. The description of 
methylated spirits (p. 53) is inaccurate. Other 
errors noted are the formule of nitrolime (p. 98), 
phenyl isocyanide dichloride (p. 103), citric acid 
(p. 158), anthranilic acid (p. 318), while Liebermann 
is misspelt on p. 121. 


Dyestuffs and Coal-Tar Products : their Chemistry, 
Manufacture and Application. By Thomas 
Beacall, Dr. F. Challenger, Dr. Geoffrey Martin 
and Dr. Henry J. 8S. Sand. (Based on Chapters 
appearing in “ Industrial and Manufacturing 
Chemistry : Organic.”’) Fourth edition revised. 
(Manuals of Chemical Technology, 1.) Pp. xi+ 
168. (London: Crosby Lockwood and Son, 
1926.) 16s. net. 


Tuts book forms one of a series of manuals of 
chemical technology compiled with the object of 
giving concise but sufficient information concerning 
the manufacture and utilisation of chemical pro- 
ducts of great industrial importance. The first 
edition was produced during the critical year of 
1915, when “ the lack of an English book on the 
subject, the sudden stoppage of the supply of 
German fine chemicals, and the preparations of the 
British Government for the establishment on a 
large scale of the synthetic dye industry in this 
country, all combined to provide opportunity and 
justification for the appearance of the book.” The 
authors were not disappointed in their object ; the 
book met with a ready appreciation, and has now 
reached its fourth edition. 

Within the limits of 156 pages a mass of valuable 
and accurate information is comprised dealing 
with : (1) coal tar and coal-tar products ; (2) the 
synthetic colouring matters; (3) natural dye- 
stuffs; (4) the dyeing and colour-printing in- 
dustry ; (5) modern inks ; (6) saccharin and other 
sweetening chemicals ; (7) modern synthetic drugs ; 
and (8) photographic chemicals. Each of the 
eight chapters is prefaced by a list of the titles and 
authors of standard works on the subject dealt 
with therein, and contains a short historical or 
descriptive introduction, and usually also some 
statistical data. 

In the preface to this edition the authors refer 
to the strenuous efforts that have been made since 
1915 in Great Britain and other industrial countries 
to establish dyestuffs and allied industries on a 
scale commensurate with national needs; and 
they express the hope that this new position is 
reflected so far as is possible within the modest 
limits of their book. A critical examination of 
the new edition from this point of view is on the 
whole disappointing ; many of the manufacturing 
processes described have long been obsolete, as, 
for example, the preparation of ketones (p. 22), of 
saccharin (p. 125), and of indigo (p. 51); and, 
further, no statistical data later than 1913 are 
included. But this book is evidently not written 
for the critical reader, otherwise the fairly numerous 


errors in nomenclature and formule that crept into | 


the first edition could not have escaped correction 
in the fourth. M. A. W. 


Clinical Laboratory Methods. 


A Manual of Clinical Laboratory Procedure : for the 
Use of the General Practitioner. By Dr. Robert 
A. Kilduffe. Pp. 287. (London: Henry Kimp- 
ton, 1926.) 12s. 6d. net. 


IT is regrettable that the value of clinical laboratory 
investigations is not realised by many physicians ; 
anemia is sometimes treated for months without a 
blood-count having been carried out ; dyspeptics 
are rarely given a test-meal before necessity compels 
them to be referred to hospital or consultant, and 
many cases of nervous and mental disorder reach 
a comparatively advanced stage before lumbar 
puncture is performed. It is easy to find the 
reasons for this neglect. The average general 
practitioner has little time to spare for the labora- 
tory, and expense frequently prohibits consultation 
with a pathologist. There are, however, many 
laboratory tests which can easily and rapidly be 
carried out by the practitioner himself. The 
object of Dr. Kilduffe’s book is to indicate those 
which are likely to be of value and to assist in the 
interpretation of their results. There could not be 
a better manual for the physician who is willing 
to devote a little time to laboratory work. 

Of particular interest are the chapters on the 
equipment of the laboratory and home-made 
laboratory devices, though the limitation of the 
use of such an instrument as the home-made 
colorimeter must be borne in mind. The arrange- 
ment of the book is that usually adopted for 
laboratory manuals ; there are chapters on urine, 
blood, gastric contents, cerebro-spinal fluid, etc., 
in which the appropriate tests are described. Few 
individual methods are given under each heading, 
the object being to indicate only those most likely 
to be of value to the practitioner. The discussion 
of the results and their interpretation is valuable, 
but more stress might have been laid on the 
association of the presence of lactic acid with 
achlorhydria in the diagnosis of gastric cancer. 
The indexing is not very complete, but a list of 
common diseases and clinical conditions with 
suggested laboratory investigations will be a 
useful guide to the physician. 


Laboratory Outlines in Bacteriology and Immunology. 
By Prof. John F. Norton and Prof. I. 8. Falk. 
Pp. viii + 114. (Chicago, Ill.: University of 
Chicago Press ; London: Cambridge University 
Press, 1926.) 10s. net. 


THE matter of this small book is in strict accord 
with its title; it is a programme of work for a 
course of instruction in bacteriology, serology, and 
immunology.’ Few details of actual work are 
given, and the book is essentially one for the 
teacher and may be a helpful guide to him, though 
of course any teacher worthy the name will arrange 
his own courses of instruction. The sections seem 
to be well devised and to cover most of the problems 
of pathological and medical bacteriology, but agri- 
cultural bacteriology is scarcely touched. The 
contents conform with American practice ; thus, 
we find no mention of “ carbolic acid coefficients ” 
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under disinfection, or of the “ Dreyer method ” 
under agglutination. Directions are given for the 
preparation of the dye for Leishman’s stain, which 
is now stocked by all dealers, and the impression 
is given that students are unrestricted in the per- 
formance of experiments on animals. A book of 
this kind must necessarily have a limited circula- 
tion, hence perhaps its high cost. R. T. H. 


Technical Electricity. 


Electric Circuit Theory and the Operational Calculus. 
By John R. Carson. Pp. ix+197. (New York : 
McGraw-Hill Book Co., Inc.; London: McGraw- 
Hill Publishing Co., Ltd., 1926.) 15s. net. 


Tuis book is the outcome of a course of lectures 
given by the author in 1925 to the University of 
Pennsylvania. After a brief introduction to electric 
circuit theory, a critical exposition is given of the 
Heaviside operational calculus. It is pointed out 
that Heaviside’s method is known to and employed 
by only a few specialists. This is partly due to 
the intrinsic difficulties of the subject and to 
obscurities in Heaviside’s own exposition. In the 
present work the Heaviside rules are deduced from 
an integral equation. 

The second part of the book deals with the 
propagation of current and voltage in transmission 
lines and wave filters. The simplest of the trans- 
mission systems is the non-inductive cable, the 
theory of which was given in Kelvin’s early work 
on the possibility of trans-Atlantic telegraphy. In 
particular, the physical phenomena can be studied 
best, as the author shows, when we consider an 
infinitely long cable. We are sorry that the skin 
effect in cylindrical cables and the eddy current 
losses in them are not dealt with, as they give such 
an excellent illustration of Heaviside’s methods. 

The author considers that Heaviside over- 
estimated the value of power series in solving 
problems. In particular he objects to Heaviside 
criticising those mathematicians who prefer solu- 
tions in the form of definite integrals. It is possible 
that power-series solutions have only a restricted 
utility in some cases and that definite integrals 
have proved useful when suitable tables are avail- 
able. We think, nevertheless, that Heaviside’s 
criticism was justified. Poisson, for example, ex- 
pressed the capacity coefficients of two spheres as 
definite integrals, and Dr. Barnes, now Bishop of 
Birmingham, expressed them as double gamma 
functions, but when engineers want their values 
they use series formule or interpolate from Kelvin’s 
tables. The book can be recommended to mathe- 
matical physicists. 


Alternating Current Rectification and Allied Prob- 
lems: a Mathematical and Practical Treatment 
from the Engineering View-Point. By L. B. W. 
Jolley. Second edition, revised and enlarged. 
Pp. xxii +472 +27 plates. (London: Chapman 
and Hall, Ltd., 1926.) 30s. net. 


WE were pleased to see that a second edition 
of this book has now been published. Whilst 
alternating current seems to be almost universally 


used in large power stations, there is a considerable 
demand for direct current for auxiliary and control 
circuits. To obtain this current it is now usual 
to employ some form of rectifying apparatus. The 
rectified current is generally pulsating, and it is 
necessary to know the magnitude of the ripple in 
it. The author, therefore, starts by giving an 
account of Fourier’s theorem and the methods 
employed in practice to find the harmonics. From 
the engineer’s point of view this chapter will be 
found very satisfactory. 

Recent improvements in the design and manu- 
facture of all kinds of rectifiers have been noted 
in this edition. There are also three new chapters 
on the installation of thermionic rectifiers, on 
radio supplies, and on inverters. It is pointed out 
that while the mercury rectifier is essentially a 
heavy current low-voltage device, the thermionic 
rectifier is a high-voltage device, and can only be 
efficiently used when the rectified voltage is of 
the order of thousands of volts. 

The chapter on radio supplies will be of interest 
to all broadcast receivers. When the house is 
supplied by alternating current, a rectifier can be 
used to charge the batteries generally used with 
a receiving set. In most cases the interest per 
annum on the capital outlay of a rectifier is less 
than the cost per annum of charging the batteries 
by sending them to a local contractor. Where 
direct current supply is available, the charging 
can be easily done, but care must be taken not to 
earth the companies’ mains. This can be provided 
against by inserting a two-microfarad condenser 
between the*radio set and the earth. 


Elements of Alternating Currents and Alternating- 
current Apparatus. By Prof. J. L. Beaver. 
Pp. 370. (New York and London: Longmans, 
Green and Co., Ltd., 1926.) 18s. net. 


Tus book proves that alternating-current theory 
is settling down into orthodox lines. It is written 
partly to help the average student and partly to 
help the more ambitious student who is anxious to 
master the complete theory. Numerous examples 
are given at the end of many of the chapters which 
the ordinary student will not have much difficulty 
in doing. There is a ‘snap’ about some of these 
questions which we miss in Great Britain. For 
example, p. 67: “‘ Prove that j =... =what?” 
p. 213: ‘ The exciting current is what per cent. 
of the name-plate current ? ” 

The capacitance (capacity) of a conductor is 
defined, but the capacitance of a condenser is not. 
We do not agree with the author when he says 
that effective current, effective voltage, and average 
power are not ordinary algebraical quantities and 
cannot be handled by ordinary algebraical methods. 
We think that they are perfectly real numbers. 
If we want to combine alternating currents and 
voltages, we have to use the parallelogram law, but 
the effective values of the components and their 
resultants are real numbers. The author has been 
successful in simplifying considerably the theory 
of polyphase currents and machines. If we neglect 
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the ‘losses’ in a machine we get, as a rule, a clear 
idea of the principle of its working, and we can 
then gradually build up a more accurate theory. 
This method is to be commended. 


Use of Electric Power. 


Electric Trains. By R. E. Dickinson. Pp. xii+ 
292. (London: Edward Arnold and Co., 1927.) 
16s. net. 

THERE are few industries in such a rapid state of 
development as electric traction, and there are few 
in which the literature of the subject is, compara- 
tively speaking, so small. Some of these books are 
quite out-of-date; others are too advanced, de- 
manding a knowledge of mathematics that few 
possess ; and others contain little beyond a great 
mass of statistics and data which, while useful to 
the specialist, are of little help to students and 
ordinary railway engineers. This book is specially 
written for the latter two classes and will prove 
helpful. 

To meet the ever-growing competition of tram- 
way and motor-bus traffic, it is necessary to speed 
up the trains on suburban lines. With steam- 
hauled trains the acceleration is rarely so great as 
“half a mile per hour” per second, whereas an 
acceleration of 1-5 m.p.h. per second can easily be 
obtained by electric traction. Slipping of the 
wheels takes place much more readily with steam- 
operated trains, owing to the pulsating nature of 
the tractive force. There is also much less wear 
of the rails when the trains are operated electrically. 

The author’s chapter on the mechanics of train 
movement can be readily understood by any one 
having an elementary knowledge of mechanics. 
The control systems and the methods of making 
rheostatic calculations are clearly described. Train 
resistance curves are given, so that even although 
this resistance varies considerably with local con- 
ditions, useful approximations can be made. It 
will be remembered that the Advisory Committee 
appointed by the British Ministry of Transport 
reported in favour of standardising the supply 
pressure at 1500 volts direct current. From the 
data given, it appears that in practice modern 
railway engineers prefer this system to the single- 
phase system. 


The Use of Power in Colliery Working : a Treatise on 
Mining Costs and Machinery Designs and Manage- 
ment. By John Kersopp. Pp. xxviii + 580. 
(London: H. F. and G. Witherby, 1926.) 40s. net. 


Durine the past twenty-five years, mining engineer- 
ing has been revolutionised by the substitution of 
power for hand labour in the majority of the opera- 
tions involved in the winning and working of 
collieries, and we seem to be within sight of the 
time when the pick and the shovel will have a place 
in the museum only. It is perhaps inevitable that 
the advent of machinery should have led to a 
slackening of physical effort on the part of the 
manual worker, so that the net result is that the 
output per man-shift has remained stationary. 
Some idea of the variety of machinery at the com- 
mand of the miner is given by the book under 


review, but it is by no means an exhaustive treat- 
ment of the subject. For example, little or no 


-reference is made to compressed air (an important 


omission) or to ventilating machinery. Nor is any 
attempt made to describe banking out or screening 
arrangements at the surface, amongst which certain 
modern devices such as decking machinery are of 
great interest at the present time. 

Little attempt is made to explain the mechanics 
of the machinery described. The chapter on wind- 
ing engines would have had more value had moment 
diagrams been given for: the principal types of 
winding engines, and the chapters on pumpin 
would have been similarly improved had the 
characteristic curves of the different types of 
pumps been illustrated. In the descriptions of 
electrical plant there is no reference to the syn- 
chronous induction motor, or to the cascade, or A.C. 
commutator motor. The book indeed appears to 
be largely a collection of catalogue descriptions and 
illustrations of a medley of types of apparatus. It 
contains a considerable mass of useful information 
badly digested. The use of many photographs 
showing external details only, and the lack of 
diagrams illustrating important features, militates 
against its usefulness. Moreover, the invidious 
practice of singling out the names of certain firms 
for special mention is to be deprecated. 

At the end is given supplementary information 
on the various chapters, but it is difficult to under- 
stand why these were not included in the chapters 
themselves. Appendices giving useful information 
as to fluctuations in costs of materials, wages, etc., 
are given, but their connexion with the subject 
matter of the book is not clear. The book con- 
tains useful information but will have a limited 
utility. Dove tas Hay. 


Miscellany. 


Organised Publication : a Connected Series of Pro- 
posals relating to the Publication and Record of 
Scientific and Technical Information. By J. F. 
Pownall. Pp. 91. (London: Elliot Stock, 
1926.) 5s. net. 


Mr. Pownatv’s work is a plea for the international 
standardisation of scientific literature in respect 
of page size, spacing of perforations of sheet or 
leaf, the definition of subject headings in terms of 
an international code, and the prefixing of the 
standardised subject headings to each article. 
Scientific literature, in short, is to be built up from 
standardised units to be circulated temporarily in 
volume form, but ultimately to be resolved into 
unit form and to be housed in temporary binders. 

Within recent years some progress has been 
made in the direction of the standardisation of the 
pages of the higher class of scientific periodicals, 
both as regards the quarto and octavo sizes. As 
the movement appears to have slowed down, it is 
probable that scientific workers are content with 
the progress realised and that present methods of 
publishing the Proceedings, etc., of the learned 
societies are sufficient for economical filing. It 
is, of course, difficult to say precisely. how far 
size standardisation should be pushed ; but it is 
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tolerably clear that works of the same bibliograph- 
ical type and dealing with the same or cognate 
subject matter should be issued in substantially 
the same size and style. The Patent Offices of the 
world have long accepted the imp. 8vo size for 
their specifications—with great benefit to their 
users ; but trade catalogues continue to be issued 
in oblong folio and other strange sizes which defy 
classification and -shelf arrangement. The trend 
of book classification is, no doubt, toward uni- 
formity; but this is due, not to any great or 
general enthusiasm for uniformity on the part of 
librarians, but to their appreciation of the fact 
that advanced schemes of book classification— 
and nowadays elementary schemes are retained 
only in the smaller libraries—must emanate from 
libraries which possess the requisite material, 
training, and financial support. It is, however, 
doubtful whether these “advanced schemes of 
classification are suitable for the analytical treat- 
ment of the contents of periodicals. 

Mr. Pownall has, we think, concentrated his 
attention too closely upon the mechanics of classi- 
fication. His proposals go far beyond the merits 
of the case which undoubtedly exists for further 
standardisation. Publishers have to consider the 
wishes and prejudices of their clients. No book- 
lover would accept a book which contained, in 
addition to the wounds inflicted by machine sewing, 
the standardised perforations of Mr. Pownall. 


The Radcliffe Infirmary. By Alexander George 
Gibson. Pp. xi+316. (London: Oxford Uni- 
versity Press, 1926.) 18s. net. 

Dr. A. G. Gipson, who for many years has been 

attached to the staff of the Radcliffe Infirmary, 

Oxford, has given us in the present volume a lively 

and richly documented account of the history, 

management, staff, and activities of this institu- 
tion. Founded in 1759, but not opened to patients 
until more than ten years later, the Radcliffe 

Infirmary has always been one of the leading 

provincial hospitals in England, and, owing to its 

association with the University of Oxford, occupies 

a prominent position in medical education. From 

the very first it was recognised that the Infirmary 

was to provide opportunities for the study of 

disease for the future medical graduate. In 1913 

the teaching of pathology as a university subject 

was inaugurated by Sir John Burdon Sanderson, 
with the result that considerable improvement took 
place in the mortuary accommodation at the Infir- 
mary. Since the War the whole of the medical staff 
of the Infirmary has contributed towards university 
teaching, including the Regius professor of medi- 
cine, who occupies the post of consulting physician. 

To many the most attractive part of the work 
will be the biographies of the various members of 
the medical staff, which numbered among others 

John Kidd, James Ogle, Charles Daubeny, William 

Greenhill, Sir Henry Acland, George Rolleston, 

and Sir William Osler. From the concluding 

chapter we learn that within the last forty years 
several new departments have been added to the 

Infirmary, such as the Dental Department in 


1886, the Dermatological and Ear, Nose, and 
Throat Departments in 1906, the X-ray Depart- 
ment in 1907, the Pathological Department in 
1913, and the Orthopedic and Neurological De- 
partments in 1918. ‘The appendix contains, among 
other items, lists of legacies from 1761 to the present 
time, preachers of the Radcliffe Infirmary sermon 
from 1771 to 1862, and members of the committee 
of management from 1848 to 1921. 


Shipbuilding and the Shipbuilding Industry. By 
J. Mitchell. (Pitman’s Common Commodities 
and Industries Series.) Pp. xi+116. (London: 
Sir Isaac Pitman and Sons, Ltd., n.d.) 3s. net. 


For the student of naval architecture and ship- 
building there are many text-books. With these 
this little volume is not intended to compete. 
It is written almost entirely for the layman who 
wishes to gain an insight into the position of the 
shipbuilding industry, the organisation of a ship- 
yard, and the work involved in the designing, 
building, and fitting-out of ships. In many indus- 
tries there are technical matters of general interest, 
and here the reader will find clear explanations of 
some of the methods of the drawing office and 
building slip. 

The author is himself a shipyard manager and 
also a teacher, and the headings of some of the 
chapters indicate his method of treatment. After 
a brief review of shipbuilding statistics, he deals 
in turn with types of ships, the shipyard, the design- 
ing and the building, launching, and maintenance 
of ships. There are few more anxious moments 
than those prior to a launch. A mishap may be 
disastrous, as was the case of the Independencia, 
launched on the Thames in 1874. Mackrow, who 
launched so many fine ships at Blackwall, used to 
say that he never thought of a launch without the 
Independencia appearing like a phantom before his 
eyes. As Mr. Mitchell says, launching a ship is not 
a ‘ pretty-pretty ’ spectacle got up as an episode in 
its career, but “* the real matter is the serious prob- 
lem of shifting a weight of some thousands of tons 
through several hundred feet by means of innumer- 
able pieces of wood and a few hundredweights of 
soft soap and tallow.” His description of the 
methods employed is one of the most interesting 
things in the book. 


The Book of the Aeroplane. By Capt. J. Laurence 
Pritchard. Pp. 255 +24 plates. (London: Long- 
mans, Green and Co., Ltd., 1926.) 7s. 6d. net. 


Captain PritcHaRD’s book is written with the 
advantage of a good deal of personal experience. 
It does not profess to deal in any detail ‘with pre- 
War flying, but gives a very full account of the 
present position of heavier-than-air machines. 
Whether these will eventually be called ‘ air- 
planes’ rather than ‘ aeroplanes’ remains to be 
seen, though there is a tendency to substitute the 
former term in some quarters. The author makes 
an interesting forecast of future developments, 
which will, in his opinion, be eventually much 
more pacific than warlike. The book is profusely 
illustrated and contains a useful glossary. 


Printed in Great Britain by & R. CLark, Limitep, Edinturgh, 


de 
ist 
th 
an 
lay 
ha 
> ha 
lig 
th 
th 
Tl 
ev 
mi 
Ne 
x ac 
sh 
Ov 
3 
be 
‘ tir 
mi 
Pr 
TI 
j th 
wl 
de 
We 
a 
tic 
wi 
cri 
sci 
ha 
ch 
lo; 
to 
ge 
for 
ap 
at 
ine 
of | 
\ the 
cee 


10 NATURE 


MARCH 26, 1927 


The Bicentenary of Newton’s Death. 
By The Lord Bishop of Birmingham, Dr. E. W. Barnzs, F.R.S. 


JE meet to-day to commemorate by a 
religious service the bicentenary of the 

death of Sir Isaac Newton. It is quite character- 
istic of the attitude of the English people towards 
the national Church that a group of mathematicians 
and astronomers, 
laymen all, should 
have desired to 
have such a re- 
ligious service as 
the conclusion of 
their celebrations. 
They know, as 
every educated 
man knows, that 
Newton’s splendid 
achievements, en- 
shrined in his 
“ Principia,” finally 
overthrew certain 
beliefs which at the 
time of the Refor- 
mation were held 
byall, Catholics and 
Protestants alike. 
They know that 
the contest in 
which he won the 
decisive victory 
was but the first of 
a number—I men- 
tion geology, Dar- 
win and Biblical 


To foreigners we are always something of a 
puzzle. The Thirty-nine Articles of our Church, 
to which every clergyman still subscribes, belong 
to the pre-Copernican period of knowledge. They 
were in substance drawn up only ten years after 
a printed copy of 
Copernicus’s great 
treatise was put 
into his hands on 
his death -bed in 
1543. Our Prayer 
Book was last re- 
vised in 1662, a few 
years before the 
ideas of the “ Prin- 
cipia”’ first took 
shape in Newton’s 
mind. The Church 
has thus apparently 
ignored the vast 
change in human 
thought which 
science has made 
since the Renais- 
sance. Its theology 
seems to be asso- 
ciated with crude 
beliefs as to the 
history and struc- 
ture of the universe 
which were held in 
antiquity. But, in 
fact, its theology 


criticism—in which 
scientific method 
has successfully 
challenged views associated with traditional theo- 
logy. None the less, they expect the English Church 
to be liberal, to join unreservedly in praising the 
genius of a great Englishman and in thanking God 
for his life-work. Their expectations are not dis- 
appointed, for the English Church is as illogical and, 
at its best, as sensible as the average Englishman. 


) A sermon delivered in Grantham Parish Church on Sunday, Mar. 20, 
in connexion with the commemoration of the two-hundredth anniversary 


Fig. 1.—Portrait by Kneller, 1689. 
From an engraving by Barlow, ip the possession of the National Portrait Gallery. 


has been continu- 
ously re-shaped by 
its leading divines, 
and the process has not yet ended. So Newton lies 
under a monument in Westminster Abbey, and 
Darwin was buried near-by in the same great 
church. ‘“ Doubtless in each case such honour was 
rendered by order of the Government,” a foreigner 
would conjecture. No: English clergymen still 
have the power to say who shall be buried in 
Westminster Abbey. 


of the death of Sir Isaac Newton arranged by the Yorkshire Branch of 


the Mathematical Association. Other Sddresees will be found in suc- 
ceeding pages. 


It is then with no misgivings, with no hesitation, 
: that to-day we meet to praise Newton in the parish 
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church of the town where he went to school. 
Six miles away he was born, on Christmas Day, 
1642, a puny infant so small that they might have 
put him into a quart mug. In this neighbourhood 
he lived for the first eighteen years of his life, 
an inventive, meditative boy obviously unsuited 
to farm the small manor which his father had 
owned. 

Whence came his genius? We cannot say. His 
father’s family had been settled in this neighbour- 
hood for about a century. His mother was the 
sister of a local vicar, on whose advice he was 
finally sent to Trinity College, Cambridge. There 
seems to have been no trace of mathematical 
ability in any of his forbears. But, so far as 
environment went, he was a son of the parsonage. 
His father died before his birth. His mother’s 
second husband was a clergyman. The boy was 
thus brought up under clerical influences. Such 
influences must have done much to give him the 
puritan austerity, the combined piety, frugality, 
and generosity, and the interest in theology which 
he retained throughout his long life. It is a mistake 
to believe, in consequence of a well-known gibe 
of Voltaire, that Newton only turned to theology 
when his powers failed because of the strain of 
the anni mirabiles, the marvellous years, in which 
the “ Principia”’ was produced. His theological 
interests, like his piety, persisted throughout his 
life. We may regret that he did not confine his 
activity to a domain where his powers were supreme. 
We must admit that his theological writings were 
of little permanent value. Yet they show extra- 
ordinary width of reading and no little perspicuity. 
The publication of Newton’s tract on the textual 
criticism of two New Testament passages was 
deplored by an English Bishop so late as the middle 
of the nineteenth century. But Newton was 
correct in his judgment: and the draft revision 
of the Prayer Book now before the public omits 
the famous verse of the three heavenly witnesses 
(1 John v. 7) to which he took exception. 

It is well known that Newton refused to take 
Holy Orders, and that he was only enabled to 
remain as a fellow of his College while holding the 
Lucasian professorship at Cambridge by virtue of 
a special patent from the Crown. There seems to 
be no reason to doubt that he was urged to take 
orders in later life, and that, had he done so, he 
might have received substantial ecclesiastical pre- 
ferment. To reward a man of science by making 
him a bishop or a dean seems incongruous to us 
to-day. But it must be remembered that the 
connexion of the Church with education and 


learning was far closer then than now: and the 
mastership of the Mint, the reward which Newton 
actually received, was not especially suited to his 
gifts. Newton’s probity and industry while he 
had care of the coinage have earned the praise of 
historians and economists : but a lesser man might 
have done equally valuable work. 

Why did Newton, with his high character, sincere 
piety, and interest in theology, steadily resist 
ordination? What were his religious views? The 
question has at times been somewhat acrimoniously 
debated. But, as a fuller knowledge was gained 
of the papers preserved in manuscript after his 
death, it finally became clear that he could not 
bring himself to accept the Athanasian doctrine 
of the Trinity. He was an ethical theist with a 
profound veneration for Christ: but he was not 
prepared to allow that the Nicene formula ade- 
quately expressed the inter-relation of the divine 
and the human in the person of Christ. As to 
the miracles of the New Testament, and in particular 
the virgin birth, he had no doubts. In that, as 
in his sympathy with Arianism, he was a child of 
his age. Of that age also were his views of the 
so-called Mosaic cosmogony of Genesis. In an 
interesting letter written in 1680, when his in- 
tellectual powers were at their zenith, he expressed 
the opinion that Moses “ described realities in a 
language artificially adapted to the sense of the 
vulgar.” Leibniz at the same time showed a far 
more modern understanding of the geological 
process. 

When we pass to Newton’s metaphysics, and in 
particular to his views as to space and time, we 
reach ideas which the theory of relativity has shown 
to be of transcendent importance. Whence did 
Newton get the conceptions of absolute space and 
absolute time which underlie the laws of motion 
which he formulated? I think it is not to be 
doubted that they came from the group of divines 
honourably known as the Cambridge Platonists. 
The importance of these men in the development 
of English religious thought has become increasingly 
clear in our own day, and more especially to 
English Modernists whose endeavour to re-shape 
Christian theology merits the close attention which 
it receives. More and Cudworth were both older 
contemporaries of Newton: each was living when 
the ‘‘ Principia ’’ was written ; and More’s spiritual- 
ised space corresponded closely to Newton’s famous 
scholium. God, as Newton put it, “ is not eternity 
and infinity but eternal and infinite; He is not 
duration and space, but He continues and is 
present. He continues for ever and is present 
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everywhere ; and by continuing to be always and 
everywhere, He constitutes duration and space.” 
In this passage Newton breaks up the space-time 
continuum: duration and space were separated. 
But the metaphysic becomes strengthened rather 
than weakened if, modifying Newton, we say that 
“by continuing to he always and everywhere God 
constitutes 
space-time.” 
Space-time so 
conceived 
comes the 
primal stuff of 
the physical 
universe 
through which 
and in which 
God’s purpose 
of creation is 
achieved. God 
thus consti- 
tutes the nexus 
out of which 
man has 
emerged. 

It is my 
purpose to-day 
to set before 
you Newton’s 
religious sym- 
pathies and 
thoughts, so 
I make no at- 
tempt to de- 
scribe the great 
system of dy- 
namical astro- 
nomy of which 
his laws of 
motion are the 
foundation. 
As it sprang 
from his brain 
it was  mar- 
vellously complete and well-nigh perfect in ex- 
pression. To make it he invented a new calculus 
which in his hands was so flexible that, to 
disarm criticism, he gave it geometrical form. 
A new era in mathematics began with his dis- 
coveries. Instead of slow and painful progress, 
“line upon line, here a little and there a little,” 
Newton jumped forward; and, as the centuries 
pass, men will continue to marvel at his splendid 
genius. In our day a great thinker has made an 
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Fic. 2.—Portrait by Thornhill, 1710, in the drawing room of 
Trinity Lodge, Cambridge. 


Reproduced by permission of the Master of Trinity, 


immortal name for himself. But it is a mistake 
to think, as some imagine, that Einstein has over- 
thrown Newtonian dynamics; he has rather 
brought gravitation itself within a modification of 
his predecessor’s scheme. Newton’s fame is secure. 
But he, were he alive, would be the first to praise 
the achievements of those who carry on his torch 
of knowledge. 
Did he not, 
with genuine 
humility, liken 
himself to a 
boy playing on 
the sea-shore, 
now and then 
finding a 
smoother peb- 
ble or a pret- 
tier shell than 
ordinary, while 
the great 
ocean of truth 
lay all undis- 
covered before 
him ? 

The mathe- 
matician, like 
the poet, is 
born, not 
made. The 
science of ma- 
thematics is 
for the few, 
endowed with 
special ability 
which the 
chances of life 
permit to be 
trained and 
developed. 
But the con- 
clusions of the 
mathematician 
have an in- 
terest for multitudes who cannot understand 
his technique. Newton, in finally establishing the 
truth of Copernican astronomy, made humanity 
enter upon speculative inquiries of the highest 
importance. 

What is man’s place in the universe ? How is 
he related to the purpose immanent in the whole ? 
Newton gave little indication that he realised how 
extensively his work bore upon such inquiries, 
though there is one interesting passage in his 
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writings where he asks: “If all places to which 
we have access are filled with living creatures why 
should all these immense spaces of the heavens 
above the clouds be incapable of inhabitants ? ”’ 
Reticent though such a sentence is, it was Newton 
who finally forced the educated world of men to 
recognise the meanness of man’s domicile. The 
earth had been the centre of the universe : Newton 
revealed it as a humble satellite of the sun. It 
needed but recognition of the fact that our sun 
is but one of millions of stars and man’s outlook 
was transformed. Are there no other stars in 
the galactic universe which have satellites? We 
cannot believe it. Are those satellites devoid of- 
life? It is incredible. Has life always taken the 
same evolutionary course as that which has led 
to the creation of man upon this earth? Has 
such evolution never progressed beyond the stage 
at which man now finds himself ? Each question 
we are practically forced to answer in the negative ; 
and, when we give such answers, what is man in 
the great scheme of things? Though Newton has 
been dead two centuries, it is only in our own day 
that his countrymen, in the mass, are asking the 
questions to which his discoveries inevitably led. 

On the fine statue by Roubiliac which takes the 
place of honour in the ante-Chapel of Trinity, there 
is inscribed the line 

Qui genus humanum ingenio superavit, 


‘‘who in genius surpassed the whole world.” It is 
the tribute of Lucretius to Epicurus, and a greater 
than Epicurus merits the praise. Wordsworth saw 
that statue, an inspiration to many an undergradu- 


ate before and since his day ; and wrote the lines: 


The marble index of a mind for ever 

Voyaging through strange seas of Thought, alone. 
But through stranger seas than Newton ventured 
has he set men voyaging alone. What is our 
destiny, as individuals and as.a race? Made of 
dust and water, specks on a small globe, apparently 
of no special importance in the vast range of 
creation, we live for but a tick of the astronomer’s 
clock. Light reaches us to-day which began its 
journey before humanity had appeared upon this 
earth. Are we, then, of any importance in God’s 
sight ? Have we, as individuals or as a race, any 
permanence? Are we, after all, such stuff as 


‘dreams are made of?’ I give the old answer: 


“the things which are seen are temporal, the 
things which are not seen are eternal.”’ The body 
returns to dust and water; but the mind, which 
ranges through space and time with a freedom 
that partakes of the divine, shall not perish. The 
spirit of a man who strives for truth and seeks 
goodness belongs to the realm of the eternal. 

Here it is fashioned by labour, by self-discipline, 
by reverence and love. Elsewhere in its perfection 
it shall have a richer existence. Does it matter 
that we are little more than point-instants in 
space-time ? I think not; for eternal values are 
not measured by rods and clocks, nor are they to 
be found in the blind forces of Nature. “Not by 
might nor by power but by my spirit, saith the 
Lord ;” and Newton with his simple piety would 
have accepted the Hebrew prophet’s words. As 
the spirit of man is transformed by the spirit of the 
Lord, as righteousness and truth fit him to serve 
God and think His thoughts, he becomes a Son of 
God and an inheritor of the Kingdom of Heaven. 


Newton’s Place in Science. 
By F. S. Marvin. 


WO men in science have attained a world-wide 
position and stamped their names on periods 
marked by the triumph of their theories : and only 
two. Both were Englishmen, and Newton’s posi- 
tion is even clearer and less disputed than Darwin’s. 
Descartes left behind him a Cartesian school and a 
Cartesian philosophy, but he is not remembered as 
one of the most eminent men of science. Archi- 
medes and Galileo, the two names one might put 
beside Newton’s as men of science, did not produce 
a striking, conclusive, and all-embracing theory,. 
such as that which made Newton famous and 
founded a ‘ Newtonian’ synthesis to last without 
question or modification for two hundred years. 

Though Newton’s position is thus unique, it must 


be studied in connexion with that of others and 
in its right place in the history of thought. For 
science being the central thread in the history of 
mankind, great men of science can less than any 
other type be isolated and treated as individual 
phenomena. A Michelangelo, a Shakespeare or a 
Beethoven, even an Alexander or a Napoleon, may 
be more legitimately thus isolated and wondered at, 
but never a man of science; and Newton, like the 
rest, brought to fruition the labours of others and 
was himself surrounded by many men close in 
pursuit of the same truth, dimly perceived, but by 
him to be clearly articulated and established. This 
was his special quality as a thinker and a man of 
science. He was a mathematician, primarily a 
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geometrical mathematician, and he applied a 
mathematical mind of the most powerful order to 
the elucidation of problems which were being 
approached at that time on lines of somewhat 
vague and quasi-philosophical speculation. 


Newton’s relation to Descartes is typical. He 


studied him eagerly as a young man, and was more 
influenced by 
him and by 
Wallis’s ‘‘ Ar- 
ithmetica In- 
finitorum” 
than by any 
other writers. 
But his reac- 
tion wasalways 
critical. Des- 
cartes, besides 
his Géo- 
metrie ” pub- 
lished in 1637, 
elaborated, in 
his “ Principia” 
of 1644, a phy- 
sical theory of 
the universe 
which stimu- 
lated strongly 
the growing 
tendency of 
thought to ex- 
plain all celes- 
tialphenomena 
by the same 
mechanical 
laws which, 
thanks to Gali- 
leo’s experi- 
ments, had 
been shown to 
hold good for 
phenomena on 
earth. Des- 
cartes therefore must rank as a co-founder, but his 
work was vitiated by ‘metaphysical’ reasoning— 
that is, the assumption that certain results must, by 
the ‘nature of things,’ be what investigation had 
never proved them to be, or had actually proved 
them not to be. Such were Descartes’s assumptions 
of a number of vortices in the centres of which the 
sun and planets were swept round, the secondary 
whirlpools in which the planets moved causing 
variations of density in the major whirlpool of the 
sun, and hence deflecting them from their natural 


Fic. 3.—Portrait by Vanderbank, 1726, in the meeting-room of the Royal Society, 
over the president’s chair, and given by Mr. C. B. Vignoles in 1841 to the Society. 


Reproduced by permission of the Society. 


circles into ellipses. Newton confronted these 
imaginary conclusions with the facts observed and 
the laws deduced from them by Kepler and Galileo, 
and showed their inconsistency. This appears in 
the second book of Newton’s “ Principia,” published 
in 1687 but written long before. He was of the 
lineage of Archimedes and Hipparchus, and not of 
Aristotle, 
his coincidence 
with Galileo’s 
work on bodies 
falling to the 
earth is the 
true link in the 
formation of 
the first and 
most powerful 
of all physical 
syntheses. 
Kepler had 
established his 
three laws of 


planetary mo- 
tion by 1619, 
but he had 


been unable to 
connect them 
with the law of 
falling bodies 
on the earth. 
His notion of 
gravity was 
the quite vague 
one of the 
mutual tend- 
ency of simi- 
lar bodies to 
unite, and in 
the introduc- 
tion to hiswork 
on Mars he 
actually com- 
mitted him- 
self to the mistaken idea that “if the earth 
and moon were not kept at their respective dis- 
tances they would fall one on the other, and, 
supposing them of the same density, the moon 
would pass through $2 of the distance, the earth 
through the remaining part.” 

Then came Galileo’s work at Pisa and Padua, of 
which the full account was published in the “‘ Dia- 
logues on the Two Sciences of Mechanics and 
Motion ” in 1638, though the capital conclusions 
had been reached some years before. It was in 
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bringing together and proving the identity of 
Kepler’s and Galileo’s laws that Newton’s genius 
shone forth. To guess that there was a connexion 
was easy and almost inevitable for any one who 
brought the two sets of facts together ; to show it 
accurately and irrefutably was Newton’s greatest 
work. It happened sometime between 1665 and 
1679, but the solution was not passed on to others 
until the autumn of 1684. In the August of that 
year Halley, who, with several others, had been 
puzzling at the problem, went to Cambridge to 
consult Newton about it. Hooke, Huyghens, and 
Wren, as well as himself, were, he said, all working 
on the theory that the force of the attraction of the 
sun or earth on an external particle varied inversely 
as the square of the distance, but they could not 
from that law deduce the orbits of the planets. 
Could Newton find out what the orbit of a planet 
would be, if the attraction were as the inverse 
square of the distance? Newton replied that it 
was an ellipse and that he had worked it out in 1679. 
He promised to recover it from his notes or his 
memory and sent it in to Halley in November. On 
receiving it Halley went again to Cambridge and at 
this second visit set up those relations between 
himself and Newton which enabled him to extract 
the “Principia” from its reluetant author. 
Halley’s was the persuasion and Halley’s the 
financial guarantee. Under this stimulus the first 
book of the “ Principia” was finished by the 
summer of 1685 and presented to the Royal Society 
on April 28, 1686. The second book was also com- 
pleted in the summer of 1686 and deals with hydro- 
statics and hydrodynamics—motion in a resisting 
medium—and gives the criticism of the Cartesian 
theory of vortices to which allusion was made 
above. 

It is interesting to note the similarities in the 
genesis of Newton’s other most famous achievement 
—the infinitesimal calculus—which he knew as 
the ‘ method of fluxions.’ Here again many minds 
were at work, and they were working on an ancient 
problem to which the Greeks had made a geo- 
metrical approach and Descartes had brought 
much nearer by his approximation of algebra and 
geometry. Of Newton’s contemporaries, several, 
including especially Fermat, Wallis, and Barrow, 
had foreshadowed a calculus, by which infinitesimal 
quantities might be summed and _ infinitesimal 
differences in varying quantities measured. New- 
ton’s greatness was shown by welding together 
from the various indications he received from 
others a sound and practical method which he used 
for his own purposes so early as 1666, but did not 


publish until 1693. In its reception he had not the 
same good fortune as with the law of gravitation, 
for there was no Halley to steer his ship into port. 
On the contrary, thanks to his long delay in 
publication and to the fact that some of his 
unprinted papers came into the hands of Leibniz 
in 1676, there was always a doubt as to the priority 
and independence of Leibniz’ method, which was 
actually printed in 1684. No one need reopen the 
question now, though it was disputed long and 
bitterly in the last years of Newton’s life. Of 
Newton’s own originality—in the only sense in 
which a man can in such a matter be original— 
there is no question; he invented for himself a 
‘method of fluxions’ with his own notation, and 
it is also unquestioned that Leibniz’ method of 
notation was the more convenient and gained 
general acceptance. In fact, England, remaining 
more Newtonian than Newton, was left in the rear- 
guard of mathematics for more than a hundred 
years. We may well believe, however, that two 
great men came by rather different paths to similar, 
but not identical, conclusions, on a_ practical 
question, small in form but big with consequences, 
on which the ablest mathematical brains of the 
seventeenth century had been all converging. 

It is not within the scope of this article to deal 
with the modifications in the Newtonian system as 
a whole which speculations in our own days have 
introduced ; it must suffice to point out the 
magnitude of the results Newton achieved, and one 
or two general qualities in his way of thinking, partly 
characteristic of his time, partly peculiar to himself. 
These have much to do, first with the enormous 
success and dominance of the system for more than 
two centuries, and then with the reaction. 

The seventeenth century was the flowering age of 
mathematics, as the eighteenth was of chemistry 
and the nineteenth of biology, and the last four 
decades of the seventeenth saw more forward steps 
taken than any other period in history. The fact 
that these developments of mathematics were in the 
direction of physics, and had so large an effect in 
the world of practice, was due to Newton’s mechani- 
cal bent. He had been as a boy fond of making 
mechanical models, and it was not until later that 
he took up mathematics theoretically. Euclid was 
an interesting novelty to him when he went to 
Cambridge at the age of eighteen, and by that time 
he could see the truth of the propositions intuitively 
and went on to Descartes for further light. The 
great work of those closing decades of the century 
was predominantly that of Newton, and it included, 
beside the two fundamental discoveries which we 
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have mentioned, improvements of all kinds in 
algebra and analytical geometry, and the satis- 
factory formulation of dynamics, statics, and hydro- 
dynamics with the modern apparatus of calculation. 
His extreme aptitude for applying a mathematical, 
geometrical mind to external Nature led to his 
theory of the propagation of waves and his re- 
searches in optics. 

This was the leading characteristic of Newton's 8 
mind and these its chief 
fruits. But he was 
attached onanother side 
to the mystical philo- 
sophy of his time, and 
this has recently been 
studied in a _ curious 
work which shows the 
possible connexions of 
a theory comprising 
pure laws with the 
wildest theological and 
metaphysical specula- 
tions.1_ Newton himself 
was scrupulously scien- 
tific in his deductions: 
‘We must always,” he 
said, ‘‘find the laws 
first, before we speak 
about their causes.” 
But he was contem- 
porary with the school 
of Cambridge Platonists 
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seeing that the variety of motion in the world is 
always decreasing, there is a necessity of conserving 
and recruiting it by active Principle, such as are the 
cause of gravity. This Principle would be God, 
and Space is the medium through which God can 
come in contact with finite objects and creatures 
—his boundless and uniform Sensorium.” Thus 
the mystery of action at a distance becomes in the 
light of a mystic philosophy the meeting point 
of material bodies and 
spiritual forces. 

It is well that these 
thoughts should be 
revived and borne in 
mind, not in any sense 
as a derogation from the 
strictly scientific nature 
of Newton’s work, but 
as pointing three im- 
portant morals in the 
general history of 
thought, as well as the 
position of Newton in 
modern science. First, 
that every thinker is the 
child of his times and 
cannot be dissociated 
from them or under- 
stood without them. 
Newton’s philosophy, 
§«6including therein its 
science, fits in perfectly 


and mystics — More, 
also of Grantham, and 
Clarke and Cudworth. 
To them the unknown 
side of gravity and the 


concepts of ‘ ethereal 
spirits’ or ‘ effluvia’ 
provided a field for the 


unbridled fancy. In 

this Newton also often plunged, and it is the 
strongest testimony to the solidarity of his mind that 
he never allowed such speculations to deflect in the 
smallest degree the correctness of his reasoning. 
Being dissatisfied with the attraction of bodies at a 
distance, as the final explanation of gravity, he 
assumed in his own mind the existence of a 
‘spiritus’ or active principle which “ penetrates 
to the very centres of the sun and planets without 
suffering the least diminution of its forces. . . . For, 


now, ‘Matter and Gravity in Newton’s Physical Philo- 
Toston 1926).! 
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Fic. 4.—Portrait by Enoch Seeman in the dining-room of 
Trinity Lodge; engraved by MacArdel, 1760. 
play of unbased and Reproduced from an engraving in the possession of the Royal Institution. 


with the theology of 
‘*Paradise Lost,”’ which 
was published in 1667, 
the year after Newton’s 
own annus mirabilis of 
gravitationand calculus. 
Secondly, that it is quite 
possible to combine in 
the same brain the 
most rigidly positive 
doctrines about certain aspects of phenomena with 
highly speculative and undefinable theories about 
others. Newton is the noblest example of the mind 
which can shut the door of its laboratory, and leave 
instruments and notes of research intact, while it 
proceeds in its oratory to speculate about the 
unknown and write numerous works on divinity 
and prophecy. Thirdly, that this absolute and 
undescribable sphere of Newton’s thought, while 
it does not affect the validity of his conclusions so 
far as they go, made it certain that revision would 
come in the fullness of time. That revision began 
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soon after the bi-centenary, not of his death, but of 
the completion of his capital works. It has not 
impaired their greatness, but, completing and 
putting them in their true setting, it has enhanced 
their glory and shown their author not as an isolated 
and immutable genius but as a mighty branch of an 
ever-growing tree. 

One strange paradox and error has come with the 
whirl of time. The name of the most deeply 


religious and theological of all great men of 
science is now often held to describe a purely 
mechanical, materialistic, and unspiritual hypo- 
thesis of the universe. By eliminating the un- 
known, and attaching the hypothetical forces 
to matter itself, the system could be turned in 
this direction. But it is an undeserved and 
unexpected fate for the author of “The History 
of the Creation.” 


Isaac Newton.! 
By J. H. Jeans, Sec. R.S. 


E are met to do homage to the memory of 
one who was certainly the greatest man 
of science, and perhaps the greatest intellect, that 
the human race has seen. We can claim this 
position for him without arrogance ; it is not only 
accorded him by his own countrymen and co- 
workers in science, but also by those most capable 
of forming an unbiassed judgment. Laplace 
considered that the “ Principia” had assured to 
it for all time “a pre-eminence above all other 
productions of the human intellect.” Lagrange 
used similar terms, describing it as “ the greatest 
production of the human mind,” and confessing 
himself dazed at such an illustration of what 
man’s intellect could achieve. He added that 
Newton was not only the greatest genius that had 
ever existed, but also the most fortunate, for as 
there is but one universe it can but happen to one 
man in the world’s history to be the interpreter of 
its laws. Voltaire wrote of him that “ if all the 
geniuses of the universe were assembled, he should 
lead the band.” 

As British men of science we may rejoice that 
this greatest of all men of science was British. We 
may feel the satisfaction of the French soldier 
when he thinks of Napoleon, or of the Italian 
sculptor when he thinks of Michelangelo, the 
satisfaction of knowing that the greatest man in 
our own calling was our own countryman. But 
we may experience also a wider satisfaction. In 
the words of his monument in Westminster Abbey, 
“ Sibi gratulentur mortales tale tantumque extitisse 
humani generis decus,” we may rejoice that there 
has appeared so great a glory to the human race. 

This afternoon we are to make a pilgrimage to 
the house which is doubly distinguished as being 
the birthplace both of the man and of his greatest 
achievements. This morning we are met in the 
school in which he acquired the rudiments of 

ning address delivered on March 19, in the Old School, King’s 


10 
School, Grentham, at the commemoration of the two-hundredth anni- 
versary of the death of Sir Isaac Newton. 


knowledge to contemplate the vast extensions that 
knowledge received at his hands. But before 
turning to his life’s work, let us glance for a moment 
at his life. 

We see him first as a child of delicate health, 
having indeed been so feeble and undersized at 
birth that it was scarcely hoped that he could live. 
At the age of eleven he is sent to school here. 
He is, on his own admission, far from industrious, 
and does not in any way distinguish himself at 
first. But one day, being maltreated by a senior 
boy, he decides to fight, and wins. This awakens a 
spirit of emulation; henceforth he applies himself to 
his studies with a new zest, speedily outstripping his 
enemy, and in time reaching the top of the school. 

We may speculate as to what would have been 
the effect on the course of his life, and on the 
history of science, had it not happened that a big 
boy lost his temper nearly three centuries ago and 
kicked a small boy, perhaps in this very room. 
For myself I imagine it would have all been much 
the same. Whatever he may have done, or not done, 
in lesson time at school, he spent his leisure time 
in scientific and mechanical occupations, in making 
model windmills and water-clocks, or in estimat- 
ing the force of the wind by the ingenious method 
of measuring how much farther he could jump 
with it than against it ; he found less pleasure in 
flying his kite than in experimenting as to the best 
length of tail and the best point at which to attach 
the string. When he was taken from school at 
the age of fourteen to help on the family farm at 
Woolsthorpe, his mind refused to be tied down to 
the dull routine of crops and herds, and turned, as 
though to its natural element, to problems of 
mathematics and mechanics. When he was driven 
from Cambridge to Woolsthorpe by the plague, he 
sat in the garden and “ fell into a speculation on 
the power of gravity’’; he “ began to think of 
gravity extending to the orb of the moon,” with 
results which are familiar to all the world. 
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The most outstanding feature of his personality 
was, I suppose, the intense sincerity of his search 
for truth. Like all single-minded investigators of 
Nature, he was continually overwhelmed at the 
thought of the comparative smallness of his achieve- 
ment. In the light of all that is known as to the 
transparent honesty and unaffected simplicity of 
his character, his oft-quoted comparison of himself 
to “a boy playing on the seashore, whilst the great 
ocean of truth lay all undiscovered before me,” 
must be regarded as a perfectly sincere statement 
of how his great triumphs appeared to him. This 
modest simplicity, combining with an over-sensitive 
and profoundly moral nature, produced two 
outstanding results in his scientific life. In the 
first place, he suffered fools far too gladly, and 
spent more than enough time and energy explain- 
ing his scientific position to critics who had neither 
the knowledge nor the capacity to understand. 
In the second place, he was over-sensitive to 
criticism, and perhaps over-ready to discover 


insincerity, unfairness, or intellectual dishonesty 


in his opponents. He had such an abhorrence 
of these qualities that the bare suspicion of 
them infuriated him, so that at times he showed 
neither chivalry nor common courtesy in contro- 
versy. 

There has been much discussion as to what must 
be deemed to be the outstanding qualities of 
Newton’s intellect and genius. First and foremost 
must of course be placed his stupendous mental 
grasp and breadth, his capacity for seeing all 
aspects of a question and so making unerringly 
the right choice between alternatives which would 
have seemed equally probable to a less powerful 
mind. With his accustomed modesty, which seems 
to have amounted almost to ignorance that his 
talents were in any way exceptional, he declared 
that ‘‘ if he had done the world any service, it was 
due to nothing but industry and patient thought.” 
So it may have seemed to him, but obviously his 
genius must have been something more than an 
infinite capacity for taking pains; this could 
neither explain the gigantic amount of his scientific 
output nor the terrific speed with which his results 
appeared. We must surely add, in extreme 
measure, the much rarer capacity for not taking 
pains, or wasting time, over lines of thought that 
lead nowhere, the capacity of choosing the right 
course by a clear vision emanating from sound 
knowledge. In this quality, which is often de- 
scribed by the superficial terms of ‘ sagacity.’ or 
‘ingenuity,’ he was supreme : this is the aspect of 
him which is commemorated on his statue in 


Trinity Chapel: ‘‘ Newton qui genus humanum 
ingenio superavit.” 

Apart from this, his amazing success must, I 
think, be attributed largely to the ‘ all-roundness ’ 
of his mental equipment. This exhibited no 
lacunae, his mind working with equal ease and 
certainty over the whole range from mathematical 
abstractions to mechanical details. Biot puts it 
only slightly differently when he says, ‘ Comme 
géométre et comme expérimentateur Newton est 
sans égal; par la réunion de ces deux genres de 
génies 4 leur plus haut dégré, il est sans exemple.” 

There are parts of his works which one cannot 
read, even now, without being struck, often as by 
a blinding flash, with the intense modernity of his 
thought. The artist attributes modern feeling to, 
say, Bach or Michelangelo, because their complete 
mastery of their arts led them to perceive, at least 
in outline, almost everything which these arts were 
capable of expressing ; in a sense music and sculp- 
ture do not so much advance beyond Bach and 
Michelangelo as oscillate round them. With 
obvious limitations the same is true of Newton. 
So clearly and so completely had his mind grasped 
the essential outlines of the physical universe that, 
time after time, we find his unerring thought 
travelling much the same path and encountering 
much the same difficulties as the scientific investi- 
gator of to-day. 

A striking example appears in the first few pages 
of the “ Principia,” where Newton discusses the 
difficulty of distinguishing between relative and 
absolute motion, conjecturing that possibly “in 
the remote regions of the fixed stars, or perhaps 
beyond them, there may be some body absolutely 
at rest,’ but that ‘absolute rest cannot be 
determined from the positions of bodies in our 
regions.”” Since Newton wrote this the fixed frame 
of reference of the luminiferous ether has come and 
gone, and what might have been considered anti- 
quated thought a few years ago could well be 
transposed bodily into a treatise on Relativity 
to-day. Similarly, Newton’s theory of ‘fits of easy 
reflexion and transmission,’ which seemed foolish- 
ness until recently, is now seen to be closely allied 
in principle to Einstein’s ‘ probability-coefficients ’ 
for the interchange of energy between atoms and 
radiation, while his support of a corpuscular theory 
of light has acquired a new significance from the 
modern theory of light quanta. As a final example 
we find him writing to Bentley (Dec. 10, 1692) : 
“It seems to me that, if the matter of our sun and 
planets and all the matter of the universe were 
evenly scattered . . . throughout infinite space, 
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it would never convene into one mass; but some 
of it would convene into one mass and some into 
another, so as to make an infinite number of great 
masses, scattered great distances from one to 
another throughout all that infinite space. And 
thus might the sun and fixed. stars be formed, 
supposing the matter were of a lucid nature.” I 


doubt if modern cosmogony can give a much better 
account of the genesis of the stars. 

So, although two centuries have elapsed since 
Newton died, we may expect to hear this morning 
not only of work accomplished more than two 
centuries ago, but also of scientific methods and 
lines of thought that seem entirely alive to us to-day. 


Newton’s Work in Astronomy.' 
By Sir Franx Dyson, K.B.E., F.RS. 


RITING in the year 1738, Voltaire nar- 
rates that Madame Conduitt, Newton’s 
niece, had related to him that in the year 1666, 
Newton, seeing an apple fall in the garden of 
Woolsthorpe, meditated profoundly on the cause 
which draws all bodies in a line which, if pro- 
duced, would pass through the centre of the earth. 
Voltaire then tries to reconstruct the line of thought 
which led Newton to the law of universal gravita- 
tion. Would it act if the apple were a mile high 
or ten miles high? If so, might it not act so far 
away as the moon, and this power, whatever it is, 
be the same as that which keeps the moon in its 
orbit round the earth, the planets moving round 
the sun, and its satellites round Jupiter ? 

Vague ideas were current as to the forces which 
kept the planets in their orbits. Descartes put 
forward a theory of vortices in a fluid medium 
diffused through space. This gave a possible sort 
of mechanism suggested by water or air whirling 
on the earth, but the details could not be fitted to 
agree with the known facts of astronomy. Kepler 
had suggested an attraction between the planets 
varying as the inverse square of the distance and 
had afterwards substituted the inverse distance. 
Others before Newton may have suggested the 
inverse square, but were unable to carry the idea 
further. Newton was able to bring the hypothesis 
to the stage at which it could be tested by its 
agreement with phenomena. Assuming that the 
force by which the earth attracted outside bodies 
varied inverse! y as the square of the distance and 
at the earth’s surface caused a body to fall 16 feet 
in one second, he calculated that, as the moon 
is sixty times as distant from the centre of the 
earth, the attractive force of the earth at that 
distance would pull the moon inwards towards the 
earth 16 feet in one minute. He then calculated 
the actual force necessary to keep the moon moving 
round the earth in 27 days 7 hours at a distance 
of sixty times the radius of the earth. It is said, 

1 Address delivered on Mar. 19 at Grantham in connexion with the 


commemoration of the two-hundredth anniversary of the death of Sir 
Isaac Newton. 


but without much evidence, that Newton used the 
erroneous value of 60 miles for 1° of latitude of 
the earth’s surface employed by mariners to calcu- 
late the earth’s radius, and was unacquainted with 
the more accurate measures of Norwood in 1636, 
which made 1° of latitude 70 miles. He thus ob- 
tained a valueone-seventh part too small, and in view 
of this discrepancy for a time turned his thoughts 
to other things. He may have returned to the 
subject a few years later when he became acquainted 
with the results of Picart’s triangulation from Paris 
to Amiens made in 1669-1670. 

Though we do not know the precise date when 
Newton had satisfied himself of the truth of the 
law of gravitation, in 1684 it was complete, and 
he could not only demonstrate to Halley that 
under a law of the inverse square planets would 
describe ellipses round the sun, but could also 
promise to send to the Royal Society the mathe- 
matical principles of natural philosophy in which 
the doctrine of universal gravitation is set forth in 
order and its manifold consequences deduced. 

In Book III. of the “ Principia ” Newton begins 
with the astronomical evidence. The four satellites 
of Jupiter describe equal areas about Jupiter in 
equal times; and the squares of their periodic 
times are proportional to the cubes of their distances 
from Jupiter’s centre. The same is true of the 
satellites of Saturn. The same holds for the motion 
of the planets round the sun. The moon, too, if 
the small disturbances caused by the sun are 
neglected, describes equal areas in equal times 
about the earth’s centre. It follows from the mathe- 
matical demonstration in Book I. that the forces 
which keep Jupiter’s satellites in their orbit tend to 
Jupiter’s centre and are inversely as the square of 
the distances of the satellites from that centre. 
The same applies to Saturn and its satellites. The 
movements of the planets round the sun are known 
to obey these laws of Kepler’s with very great 
accuracy. Consequently this law of the inverse 
square holds with equal accuracy. The moon, 


however, does not move accurately in an ellipse, 
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as its apse shifts 3° in each revolution, but this is 
to be explained by the disturbing action of the 
sun; but making allowance for this, the force 
attracting the moon to the earth varies according 
to the same law of the inverse square of the dis- 
tance. With the accurate distance of the moon 
from the earth’s centre, the distance it is drawn 
towards the earth in one minute is calculated, and 
thus the amount of the earth’s attraction at the 
moon’s distance is found. This will be increased 
602 times at the earth’s surface. It is then found 
to agree exactly with the force which causes bodies 
to fall at the earth’s surface. Thus the force which 
retains the 


on the amount of matter they contain. This must 
hold for the planets, and every part of each planet 
must gravitate to every part of any other planet, 
and finally every particle of matter attracts every 
other particle with a force proportional to the 
product of their masses and inversely proportional 
to the square of the distance between them. He 
then shows that two uniform spheres will attract 
one another as if their masses were concentrated at 
their centres. This is perhaps the most splendid 
piece of geometry ever achieved. It appears to 
have cost Newton a great deal of thought. He 


says : 


“ After I had 


moon in_ its 
orbit is at the 
earth’s surface 
identical with 
the well-known 
property of 
weight or 
gravity. 

It is, then, 
gravity which 
keeps the 
planets and 
satellites in 
their orbits, 
and all gravi- 
tate mutually 
towards 
another, with 
forces which 
vary inversely 
as the square 
of the distance 
between their 
centres. Newton now investigates whether he can 
detect any differences in the gravity of different 
substances. He provided two wooden boxes round 
and equal; filled one with wood, and suspended 
an equal weight of gold in the centre of oscillation 
of the other. The boxes, hanging by equal threads 
of 11 feet, made a couple of pendulums perfectly 
equal in weight and figure and equally receiving 
the resistance of the air. In this way he found 
that the force of gravity is within 1/1000th part 
the same for gold, silver, lead, glass, sand, common 
salt, wood, water, and wheat. That is, if the re- 
sistance of the air were absent, all those bodies 
would fall at the same rate. 

Newton shows point by point that gravity is a 
universal property of all bodies, dependent solely 


Fic. 5.—Portrait by John Vanderbank in the National Portrait Gallery, London. 


found that the 
force of Grav- 
ity towards a 
whole planet 
did arise from 
and was com- 
pounded of the 
forces of grav- 
ity towards 
all its parts, 
and towards 
every one part 
was in the re- 
ciprocal _pro- 
portion of the 
squares of the 
distances from 
the part, I was 
yet in doubt 
whether that 
reciprocal dup- 
licate propor- 
tion did accur- 
ately hold or 
but nearly so, 
in the total 
force com- 
pounded of so 
many partial ones; for it might be that the 
proportion which accurately enough took place in 
greater distances should be wide of the truth near 
the surface of the planet, when the distances of the 
particles are unequal and their situation dissimilar. 
But by the help of prop. 75 and 76, Book I., and 
their corollaries, I was at last satisfied of the truth 
of the proposition as it now lies before us.” 


The results which follow from the law of gravita- 
tion set down in its generality are almost magical. 
The laws of the movements of the planets round 
the sun and satellites round the planets follow 
immediately. Comparison of the dimensions and 
rate of description of the orbits give the compara- 
tive masses of the sun, earth, Jupiter, and Saturn. 
The sun is 1060 times as massive as Jupiter and 
270,000 times (with the parallax Newton used) as 
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massive as the earth. Thus the earth is found to 
have a mean density of four times that of the sun, 
and Newton hazards the guess that the earth’s 
density is between five and six times that of water. 
The effect of the mutual action of the planets on 
one another is indicated, and the disturbing action 
of the sun on the moon is shown to give rise to 
the revolution of the apse and node, the variation 
and other inequalities of the moon’s orbit. The 
inequalities known to astronomers were explained 
and new ones predicted. This complicated prob- 
lem was carried so far as possible by geometrical 
methods. Newton said he should give up thinking 
about the moon, for it made his head ache. 

The figure of the earth is next shown to be a 
spheroid. Owing to rotation the equatorial dia- 
meters of planets must be greater than their polar 
diameters. Observation showed that this was true 
in the case of Jupiter, which revolves very rapidly 
in 9 hours 50 minutes. By considering the equi- 
librium of water in two channels from the pole and 
a point on the equator to the centre of the earth, 
Newton showed that the equatorial diameter of the 
earth would be 1/230th part greater than the 
polar diameter. Assuming a spheroidal form for 
the earth, he calculated the length of a degree in 
different latitudes, and the length of a pendulum 
beating seconds. He compared these with ob- 
servations made in various places, such as Paris, 
Cayenne, St. Helena. This investigation served as 
a great stimulus and provided a theoretical basis 
for the more accurate determination of the size 
and figure of the earth. 

The general explanation of the tides was a further 
deduction from the law of gravitation. Newton 
showed that the attraction of the moon gave rise 
to forces tending to heap up the water at a point 
of the ocean directly under the moon and also at 
the antipodal point ; similarly the sun’s attraction 
tended to cause high water directly under the sun 
and at the antipodal point. He showed how the 
spring and neap tides would occur, how the position 
of the sun or moon, north or south of the equator, 
would affect the tides and how they would vary in 
different latitudes. By comparing the heights of 
the spring and neap tides he concluded that the 
tide-raising force of the moon was 4-48 times that 
of the sun. Knowing the mass of the sun he finds 
it should raise a tide of 1 ft. 11 in. in the open 
sea, and infers for the moon one of 8 ft. 8 in. 
Newton gave only an elementary theory of the 
tides, indicating the causes which produced their 
main features, and left to his successors the difficult 
problem of a dynamical] theory. 


Just as the moon produces tides on the earth, 
so the earth would produce tides on the moon. 
As the period of revolution of the moon is the same 
as its period of rotation on its axis, the moon 
always presents the same face to us. If the moon 
were covered with water, the water would be heaped 
up at the part facing the earth and the part dia- 
metrically opposite. So Newton infers that the 
moon has a spheroidal figure, the longer axis point- 
ing to the earth, and being 186 feet in excess of 
the equatorial diameter. 

The precession of the equinoxes is explained as 
due to the attraction of the sun and moon on the 
spheroidal part of the earth. Newton had shown 
how the attraction of the sun on the moon pro- 
duced a movement of the nodes of the moon’s 
orbit. In other words, a line drawn perpendicular 
to the plane in which the moon is moving will 
trace out a cone in 18} years. He deduced what 
would be the movement of the nodes of the 
orbit of a little moon near the earth’s surface, 
revolving in a sidereal day. The same thing 
would happen, he says, to a ring of moons, 
whether they did not eventually touch each other 
or whether they were molten and formed a con- 
tinuous ring. Next let the ring of moons be 
attached to the sphere and communicate its motion. 
Thus the axis of a mass composed of the ring and 
sphere together will have movement due to the 
sun of 9” annually, and the effect of the moon is 
in the proportion of the tide-raising force of the 
two bodies. Airy remarks: “If at this time we 
might presume to select the part of the ‘ Principia’ 
which probably astonished and delighted and satis- 
fied its readers more than any other, we should fix, 
without hesitation, on the explanation of the pre- 
cession of the equinoxes.”’ 

A good deal of space in Book III. is given to 
comets. Tycho Brahe had shown that they moved 
in the celestial spaces and did not belong to our 
atmosphere. Newton regarded them as bodies like 
the planets, but moving in very elliptic, nearly 
parabolic orbits, and showed how from three ob- 
servations their paths might be determined. The 
tails arise from the atmosphere of the heads, their 
great length and splendour being due to the heat 
which the sun communicates to the comet when 
near to it. He notes that the perihelion distance 
of some comets is very small, that of 1680 being 
only one-sixth of the sun’s diameter from the sun’s 
surface. Owing to resistance it is possible they 


may, in course of time, fall into the sun. He 
hazards the suggestion that fixed stars may be 
recruited by the fall of comets into them, and here 
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may be a possible explanation of the new stars 
which have appeared from time to time. 

There are two other contributions of Newton to 
astronomy to which I should like to make a brief 
reference. In the ‘‘ System of the World,” a work 
which Newton intended at one time to form 
Book III. of the “ Principia,” there is a little-known 
estimate of the distance of the fixed stars. As it 
was one hundred years before any better estimate 
was obtained, I venture to direct attention to it.? 
The disc of Saturn, Newton says, is 17” or 18” in 
diameter. It receives 1/2,100,000,000th of the 
sun’s light. If we suppose Saturn to reflect } of 
the light it receives, the whole light reflected from 
its illuminated hemisphere will be 1/4,200,000,000th 
of the light emitted from the sun’s hemisphere. 
If the sun were 10,0001/42 times more distant than 
Saturn, it would yet appear as lucid as Saturn now 
does without its ring. Let us, therefore, suppose 


that the distance from which the sun would shine 


as a fixed star to exceed that of Saturn by about 

100,000 times. This gives 0’-2 as the annual 

parallax of a first magnitude star and 0”-002 as its 

diameter. Newton answers the objection that light 

may be absorbed in its passage through space, for in 

that case the remoter stars would scarcely be seen. 
2 Schlesinger, Publ, Astr. Soc. Pacific, vol. 14, p. 170. 


We may also recall the fact that Newton was the 
first person who actually constructed a reflecting tele- 
scope. He gives an account in the Phil. Trans. Roy. 
Soc. of the chemical experiments he made for the best 
composition of speculum metal. The use of pads of 
pitch on which rouge is spread for polishing mirrors 
and lenses was invented by him. I believe instru- 
ment-makers have found no better materials since. 

Returning to Book III. of the “ Principia,” 
nowhere has so much been comprehended in so 
few words as in the law of gravitation. It does not 
explain to us why the moon and planets move as 
they do, but it does show us how they move and 
enable us to calculate their movements. Generations 
of mathematicians and astronomers have employed 
large parts of their lives in tracing its consequences 
in most intricate details, comparing the results with 
observations, and discerning the past and future 
history of the solar system. Laplace, perhaps the 
most illustrious of Newton’s followers, says “‘ the 
number and generality of Newton’s discoveries 
relative to the system of the world, the multitude 
of original and profound views, which have been 
the germ of the most brilliant theories of the 
geometers of the last century, will assure to the 
‘Principia’ a pre-eminence above all other pro- 
ductions of the human intellect.” 


Newton’s Work in Mechanics. 
By Prof. Horace Lams, F.R.S. 


F we wish to realise the extent and importance 

of Newton’s contributions to the science of 
Dynamics, the most obvious way is to compare 
the long series of propositions contained in the 
first two books of the “ Principia ’’ with the brief 
record of what had been accomplished by his 
predecessors and contemporaries.. To both he 
makes ample acknowledgment. Galileo, freeing 
himself from scholastic tradition, and appealing to 
experiment as the ultimate test, had ascertained 
the laws of falling bodies and, assuming the 
composition of motions, had deduced the parabolic 
path of a projectile. Considering, further, motion 
on a smooth incline, he had proved that the 
velocity acquired from rest must depend only on 
the vertical height fallen through, and had sup- 
ported this theoretical result by an ingenious 
experiment. It is remarkable that this particular 
result should have been adopted by Huyghens as 
the basis of his treatment of the cycloidal pen- 
dulum instead of the more natural method of 
1 Address delivered on Mar. 19 at Grantham in connexion with the 


commemoration of the two-hundredth anniversary of the death of Sir 
Tsaac Newton. 


resolution of forces, which we should expect. 
Huyghens, for some reason, seems not to have 
been satisfied with Galileo’s demonstration, and 
argued that if the theorem did not hold it would 
be possible for a particle descending one incline 
and ascending another to pass from rest to rest at 
a higher level. We have here, of course, a partial 
apprehension of the principle of energy. His work 
on the compound pendulum, the first and for a 
long time the only example of what we call Rigid 
Dynamics, was based on a similar argument, the 
assumption here being that a system of particles 
cannot of itself move from rest in such a way as 
to raise its centre of gravity. Huyghens, again, 
had published (without proof) his theorems on 
centrifugal force, and simultaneously with Wren 
and Wallis had investigated the laws of collision of 
bodies. He has the distinction of being mentioned 
by Newton more than once, with especial respect. 
This brief outline embraces, I think, almost all 
that is important from the point of view of pure 
Dynamics. The advance in knowledge within a 
period of little more than half a century was, it is 
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true, remarkable, and still more the changed spirit 
of investigation, with the ultimate appeal to 
experiment rather than to a priori reasoning. Yet 
although the laws of motion laid down by Newton 
were, as he asserts, accepted, particular problems 
were treated separately, each in a special way. 
There was no systematic procedure based on 
general principles by which any given dynamical 
problem could be reduced to a question of mathe- 
matics. For example, no case of a variable force 
was attempted, and indeed the whole theory of 
curvilinear motion, if we except the parabola of 
Galileo and the cycloid of Huyghens, was un- 
explored. The mathematical methods also were 
rudimentary. 


theory of motion in a conic about a focus, the 
determination of orbits under given conditions, 
and even a graphical construction for the time in 
the orbit. The elliptic problem had been put to 
Newton by Halley, but no one apparently had even 
thought of the parabolic and hyperbolic cases, 
though these were to have an astronomical im- 
portance. The first step towards a theory of 
perturbations is made in the theory of revolving 
orbits, and the calculation of the motion of the 
apse when the orbit is nearly circular. Next, 
abandoning the notion of a fixed centre, Newton 
solves the problem of two bodies subject to their 
mutual gravitation, with the correction to Kepler’s 

third law. 


The geometri- -. 
cal reasoning 
of Huyghens, 
for example, 
though most 
ingenious, is 


special to his 
problem, and 
laborious. 


When we 
turn to the 


This chain of 
deductions is 
brought to a 
culmination in 
his celebrated 
proposition 66, 
with its long 
series of corol- 
laries, where 
the problem of 
three bodies is 


* Principia,” attacked in the 
we find a long special form in 
array of con- whichit usually 
sequences de- presents itself 
duced from the in astronomy. 
fundamental The notion of 
laws, and by ‘disturbing 
appropr iate W. Lee] (Grantham. force,’ so fund- 
methods, espe- Fic. 6.—Manor House, Woolsthorpe, the birthplace of Newton. amental, for 


cially by the 
consideration of the effect of force on the curva- 
ture of an orbit. If we omit from the first 
eleven sections of the first book a few pro- 
positions of mainly geometric interest, and those 
which are technically astronomical, we find in 
substance the whole structure of Particle Dynamics 
much as it is set forth in modern text-books, 
except for the mathematical methods employed. 
If we were to reverse what is supposed to have 
been Newton’s procedure and _ reconvert his 
geometry into analysis, the result would be a 
perfectly adequate treatise. This is, in fact, very 
much what has happened ; successive writers have 
introduced modifications and developments here 
and there, but the essentials remain the same. 

The leading motive which gives a sort of unity 
to the first book is the law of gravitation with its 
simpler consequences. We find accordingly the 


example, in the 
theory of the tides as well as in gravitational 
astronomy generally, here appears for the first 
time. 

Although the main theme, as has been said, 
is the law of gravitation, Newton’s instinct for 
generalisation and for mathematical elegance leads 
him to discuss various collateral questions which 
incidentally come within the scope of his methods. 
For example, the whole theory of central orbits 
under various laws of force is discussed and 
practically exhausted, except for the interesting 
case of the inverse-cube, which was left to be 
completed by Cotes. The law which comes next 
in importance to the inverse square, namely, that 
of the direct distance, with the theory of harmonic 
motion, elliptic and rectilinear, is fully treated. 
A number of propositions are devoted to various 
cases of constrained motion, and we meet here 
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with the elegant theorem of the isochronous 
property of oscillations on an epi- or hypo-cycloid 
under a central force of this kind. It is, I think, 
characteristic of Newton, wishing to do things in 
his own way, that Huyghens’ famous result for 
the ordinary cycloid should be introduced merely 
as a corollary to this. The first book closes with 
the theory of attractions of bodies of finite size, 
including the classical cases of the sphere and 
spherical shell. Some final propositions on the 
attractions of stratified media are introduced for 
their bearing on the corpuscular theory of light. 

The second book of the “ Principia ’’ deals with 
a number of questions belonging to the mechanics 
of fluids, and specially with the theory of resistance. 
After treating a few standard problems, such as 
we find in our text-books, on motion under resist- 
ances proportional to various functions of the 
velocity, Newton examines the practical question of 
how the resistance of the air can be allowed for in 
‘pendulum experiments. He has in view here the 
experimental verification, with as great accuracy 
as was possible, of his principle that the gravity 
of a body at a particular place is proportional to 
its mass. He proceeds to speculate on the nature 
of the resistance which a fluid opposes to the 
motion of a body through it. Since this must be 
due to the momentum communicated to the 
medium, the law of the square of the velocity is 
inferred, more or less approximately. Neglecting 
_ viscosity, he treats rigorously the case of a medium 
composed of discrete and inert particles. When 
he proceeds to continuous fluids such as water, the 
reasoning is confessediy of a more general character. 
Incidentally, there occurs a remarkable application 
of the principle of dynamical similarity, a long 
anticipation of Fourier. 

The remaining propositions deal with hydro- 
statics and wave-motion. Under the former head 
we find the law of pressure in an isothermal 
atmosphere surrounding a globe. Another result, 
remarkable for the originality of the argument 
employed, is that if Boyle’s law were a statical con- 
sequence of repulsive forces between the particles 
of air, the law of force must be that of the inverse 
distance. The propositions on waves no doubt 
owe their insertion to the difficulty which Newton 
felt in accepting the undulatory theory of light. 
An ingenious if imperfect attempt is made on the 
theory of deep-water waves. This is followed by 
the well-known demonstration of the possibility 
of sound-waves of harmonic type, and the cal- 
culation of their speed of propagation, on the basis 
of Boyle’s law. 


From the physical speculations which had 
attracted some of his contemporaries, Newton 
carefully refrains. He insists repeatedly that when 
he refers to accelerating forces or moving forces or 
centripetal forces he is speaking mathematically, 
and puts forward no hypothesis as to their ultimate 
origin. “ Nam viriwm causas et sedes physicas 
iam non expendo.”’ 

This rapid survey necessarily omits much that 
is interesting. But it should at any rate indicate 
the enormous debt which the science of Mechanics 
owes to Newton, for the originality of his con- 
ceptions, and for the resolute way in which 
problem after problem is attacked and made to 
yield results of interest and beauty as well as of 
far-reaching importance. It is true, as he indicates, 
that the fundamental principles had already come 
to be recognised in a measure, and applied to a 
few isolated problems. They were now finally 
vindicated by the host of new and unquestioned 
results which were shown to flow from them. 

Two of the fundamental conceptions were 
especially due to Newton himself. One is the 
distinction between gravity and inertia. The 
other is that of the universal validity of the law 
of action and reaction, with, in particular, the 
deduction that the total momentum of a system 
is unaffected by internal forces. Some apprecia- 
tion of this is to be found in the work of Huyghens 
and others on collision, but the generalisation 
belongs to Newton. A wide extension of the 
principle is given near the end of the long scholium 
which he devotes to the explanation and illustra- 
tion of his third law. It is to be observed that 
apart from this extension the Newtonian scheme 
is strictly one of Particle Dynamics, and does not 
furnish the means of studying in detail the relative 
motions of the different parts of a solid or fluid 
of finite dimensions. For this, some additional 
principle or hypothesis is required, such as was 
introduced at a later date by d’Alembert and 
others. It was long overlooked that a sufficient 
assumption for the purpose is given at the end of 
the aforesaid scholium. Not only do we find here 
what is possibly the first general enunciation of 
the principle of virtual velocities, as distinguished 
from ‘the partial exemplifications by Galileo and 
others, but also by the explicit inclusion of ac- 
celerating forces the principle becomes identical, 
when translated into analytical language, with the 
“variational equation’? which Lagrange long 
afterwards adopted as the basis of his exposition 
of Dynamics. With this supreme example of the 
insight of the master this review may fitly close. 
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Newton’s Work in Physics.! 
By Sir J. J. Toomson, O.M., F.R.S. 


5 pees middle of the seventeenth century, when 
Newton was born, was remarkable for an 
outburst in natural philosophy akin to that in 
literature at the Renaissance. New ideas, new 
inventions, new discoveries were coming forward 
both in England and on the Continent. The Royal 
Society had just been formed to discuss scientific 
questions and to witness scientific experiments. 
The soil had been prepared by the work of giants 
like Descartes, Hooke, Boyle, and Huyghens. To 
Descartes more than to any one else was this out- 
burst of interest due. It was he who invented the 
ether : by his theory of vortices he had supplied a 
consistent and comprehensive theory in which it 
was conceivable all physical phenomena might find 
their place and explanation. His theory clothed 
with romance and fascination the dry bones of 
science ; to see how it fitted into the theory made 
each new discovery furnish a most fascinating 
intellectual problem. Later there was much con- 
tention between Cartesians and Newtonians, but 
let us who are Newtonians acknowledge the debt 
science owes to Descartes, the man whose “ Treatise 
on Geometry ” attracted Newton to mathematics 
and, he said, gave a vaster idea of geometry and 
the use of algebra than it was possible for him to 
express or for one who had not read it to imagine. 
I am to speak to-day about Newton’s work in 
physics. I will begin by pointing out what is 
perhaps generally not realised, his skill in the 
practical as well as the theoretical part of physics. 
He was an excellent manipulator and experimenter, 
and liked using his hands. Almost the only recrea- 
tion in which he seems to have indulged as a boy 
was to make little work-boxes and trinket cases for 
his girl friends. He made the first reflecting tele- 
scope with his own hands. In the “Optics” he 
writes about the methods of grinding lenses with a 
gusto and wealth of detail which show what an 
old hand he is at the game. When, as in one of 
the Queries, he discusses chemical questions, he 
revels in details known only to those who have 
spent long hours in a chemical laboratory. Mr. 
Humphrey Newton, who acted as his amanuensis 
and assistant from 1683 until 1689, says: ‘‘ At the 
spring and fall of the leaf he used to employ about 
six weeks in the laboratory, the fire scarcely going 
out either night or day, he sitting up one night and 
1 Address delivered in King’s School, Grantham, on Mar. 19, at the 


commemoration of the two-hundredth anniversary of the death of Sir 
Isaac Newton. 


I another till he had finished his chemical experi- 
ments, in the performance of which he was the most 
accurate, strict, exact.’’ At this time Newton was 
working at the transmutation of metals, and I 
think it exceedingly probable that he had spent 
more time over this subject than in writing the 
Principia.”’ 

Newton’s great discovery—the splitting up of 
white light into a spectrum of different colours— 
was led up to by his seeking for a cause for the bad 
definition of the refracting telescopes of the time. 
This was generally attributed to what is called 
spherical aberration, the rays which pass through 
the outer parts of the lens not being brought to the 
same focus as those which pass through the centre ; 
indeed, Descartes had worked out elaborate shapes 
for lenses in order to remedy this. Newton seems 
to have convinced himself that there was more in. 
it than this, and was thus led to make his famous 
experiment. He passed a narrow beam of white 
light through a prism and found that what had 
been narrow and white before falling on the prism, 
after passing through it was spread out into a 
broad band showing all the colours of the rainbow 
—red at one end, blue at the other, and between 
them a gradation of different colours which he 
divided into seven classes, red, orange, yellow, 
green, blue, indigo, and violet. He took a narrow 
beam from this coloured band and let it pass 
through another prism, and found that it behaved 
quite differently from the original white beam, and 
that it was not split up into a broader beam. A 
narrow beam of red light before falling on the second 
prism was a narrow beam of red light after passing 
through it. Again starting with a narrow beam of 
white light he split it up into a spectrum ; he then 
sent the spectrum through another prism like unto 
the first but turned the other way up, and repro- 
duced the narrow band of white light again. He 
first ‘“ untwisted the shining robe of day ” and then 
put it together again. 

The chapters in the “ Optics” where these ex- 
periments are described give one, I think, an 
impression of intellectual power almost unparalleled 
in the history of physics. Every experiment—nay. 


almost every sentence—clears up some essential 
point, and on reading them again a few days ago 
to refresh my memory, I was even more impressed 
than I had ever been before, and re-echo the advice 
of the late Lord Rayleigh, that ‘“ every student of 
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physics should read the earlier parts of Newton’s 
‘ Optics.’ 

It is one of the ironies of science that the outcome 
of a successful attempt to get at the root of the 
reason for the imperfections of the refracting 
telescope should have had the effect of delaying 
the improvement of that instrument for the best 
part of a century. Newton diagnosed the disease, 
but came to the conclusion that it was incurable. 
As the defect was due to the different coloured 
rays being differently bent when they passed 
through a lens, to effect a cure it was necessary 
to use two lenses, one 
bending the rays in one 
direction, the other in 
the opposite, and to try 
to adjust the shape and 
materials of these len- 
ses so that the differ- 
ence in the bending of, 
say, the red rays is 
the same as that of the 
blue. If the system is 
to act as a telescope 
there must be some 
bending of each of the 
rays, and this was the 
difficulty. Newton 
came to the conclusion 
that the difference in 
bending of two rays 
was always in the same 
proportion to the aver- 
age bending whatever 
the material of the]ens. 
From this it follows 
that when the differ- 
ence in bending van- 
ishes the whole bend- 
ing does so too, so 
that the system ceases to act as a telescope. 

I think there were two reasons why Newton 
came to this conclusion: one was that the prisms 
he used were either prisms of light glass, or hollow 
prisms filled with water. He says that he used 
salt water in these prisms, and it is exceedingly 
probable that the dispersion of the light glass was 
almost identical with that of the salt water. 
There was, however, another reason which in my 
opinion was the one that influenced him most. 
Most of us, I think, on looking at the spectrum, 
would suppose that the number of colours to be 
distinguished is rather a question of the number 
of names our language supplies for different colours 


than of anything else. I do not think Newton | 


Fic. 7.—Bust of Newton in the Royal Observatory, 
Greenwich. 


held that opinion. He seems to have regarded 
the different colours—red, orange, yellow, green, 
blue, indigo, and violet as, so to speak, different 
genera and the light inside these colours as different 
species ; he therefore attaches great importance 
to the places where one of these colours begins 
and the other ends. As “his own eyes are not 
very critical in distinguishing colour,” he got a 
friend to measure the length of the different 
coloured spaces. 
Now, unfortunately, the divisions between the 
different colours given by these measurements turned 
out to be in the same 
proportion as a string 
is divided between the 
end and the middle to 
give the divisionsof the 
octave on the diatonic 
seale. Thus if the 
length of the string 
giving the lowest note 
is 1, and the length of 
the spectrum 3, the 
length of the string 
giving the octave will 
be at the end of the 
violet, the length of the 
string giving the note 
next to the octave will 
be at the junction of 
the indigo and violet, 
thenext at the junction 
of the indigo and blue, 
and so on. I think 
Newton was profound- 
ly influenced by this 
view: he returns to 
it in his work on the 
colours of thin plates, 
and shows that the 
thicknesses of the plates which give the junction 
colours are proportional to the cube roots of the 
squares of the length of these chords on the diatonic 
scale. As on this view the widths of the different 
colours are alwaysin fixed numerical ratios, thespec- 
trum given by one substance will beexactly similar to 
that given by another; thismeans that thedispersion 
of all substances is the same and that an achromatic 
combination is impossible. It was, I think, the 
siren’s song of these harmonics that lured Newton 
to this false conclusion. We must remember that 
Newton had no suspicion that the spectrum as he 
saw it, beginning at the red and ending at the 
violet, was not a complete entity, or that there 
was anything on either side of it; we know now 
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that the visible spectrum is but a more or less 
arbitrary piece of a much larger structure. 

It was, too, a very prevalent belief that these 
harmonics were the key to many of the mysteries 
of Nature. Kepler, for example, spent many years’ 
work trying to express the motion of the different 
planets in terms of these harmonics. Holding 
these views, Newton came to the conclusion that 
the chance of making a refracting telescope was 
desperate ; he abandoned what he called his glass 
work and devoted himself to developing the 
reflecting telescope. He was the first to construct 
such a telescope, though Gregory had provided 
him with a design for one on somewhat different 
lines. It is a remarkable illustration of Newton’s 
influence on the science of his time, and for long 
after, that his error about achromatism was not 
corrected for more than fifty years, and that when 
at last this was done, it was due to the independent 
researches of two practical men, one a country 
gentleman and the other an instrument maker, and 
not toa philosopher attached to any seat of learning. 

Newton next applied himself to the study of the 
colours of thin films, such as soap bubbles, and 
thin pieces of mica. These had previously been 
studied by Hooke and Boyle, and Hooke had 
published a theory of them in a paper which is 
one of the most remarkable in the history of optics ; 
in it he foreshadows the principle of interference, 
and Young, the discoverer of this principle a 
century later, said that a knowledge of this paper 
would have materially hastened the discovery. 
The observations of Hooke and Boyle were 
entirely qualitative. Newton, as was his wont, 
reduced everything to definite numbers. His 
extraordinary powers of observation, and his 
genius for reducing to a few fundamental principles 
a mass of confused and perplexing phenomena, 
were never more conspicuous than in this in- 
vestigation. The subject, which before he began 
his work had been but a medley of facts without 
any apparent connexion, was reduced by him to 
law and order; so much so that even now there 
are few better or clearer accounts of the funda- 
mental phenomena, apart from their explanation, 
than that given in the “Optics.” Surprisingly 
few of the great number of effects shown by these 
thin films escaped Newton’s notice. He discovered 
the law connecting the thickness of the film with 
the colour it shows ; he gives us the first measure 
of a quantity akin to the one we call now the 
wave-length of the light. He supposes that a ray 
of light as it travels through space alternates 
between two moods ; when in one of these moods 
it falls on a surface it is reflected, when in the 


other it is transmitted. Each mood lasts while 
the ray travels a certain distance, and the ray is 
supposed to be always in one or other of the moods. 
He calls these moods ‘fits’ of easy transmission 
and reflection, and the quantity he measured is 
the space passed over by light on the duration of 
one of these fits. He deduced from his work a 
scale of colour by which a colour was classified by 
the thickness of the plate which gave rise to it. 
His great powers of observation were shown in 
the discovery of what are known as the colours 
of thick plates, which generally require some 
finding even when one knows where to look for 
them. He showed. too, that solar and lunar haloes 
were due to the presence of minute drops of water 
all of the same size. 

Newton’s experiments on thin plates so impressed 
him with their possibilities for the production 
of colours that he brought forward a theory of 
colour in which he supposes that the colours of 
all natural bodies, even coloured solutions such as 
wine, arise in this way. He supposes that the 
smallest particles of bodies are transparent and 
would be colourless if alone. When, however, they 
congregate together, as in solids and liquids and 
to some extent in gases, their parts are separated 
by interstices, and a rough description of his theory 


is that the colour of a body is that of a thin plate ~ 


the thickness of which is equal to the interstice. 
Newton, though he had an accurate idea of the 
scale of the structure of light, very much over- 
estimated the coarseness of the structure of matter. 
He says in his ‘“ Optics” that if we could make 
microscopes to magnify some 5000 times, we could 
probably detect these interstices. He thought that 
the interstices were of the same order as the length 
of a ‘ fit ’ of easy transmission or reflection, whereas 
we know that they are less than 1/1000 of that 
distance, much too small to be of any use for 
Newton’s theory. 

Another ingenious application of the colour of 
thin plates was his explanation of the blue colour 
of the sky. He supposes that it is due to minute 
bubbles of water in the air, and that the bubbles 
are thin enough to make the blue predominate. 
This theory lasted until comparatively recently, 
when the late Lord Rayleigh showed that a quite 
distinct though in some respects analogous effect, the 
scattering of light by small particles in the air, gave 
an explanation more in accordance with the facts. 

I now turn to the question of Newton’s views as 
to the nature of light. Newton was always ex- 
ceedingly careful not to tie himself down to any 
precise specification of the structure of light. He 
would not, I think, have accepted as a correct 
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representation of his views the theory that was 
fathered upon him by his successors, that light 
consisted of small material particles and nothing 
else. We have in the letters to Hooke and Boyle 
a record of the ideas about light which were rassing 
through his mind when he was busiest with his 
optical researches, and we find that then the ether 
was an integral part of his conception of light. 
He says: “‘ Were I to propound an hypothesis it 
should be this, that light is something capable of 
exciting vibrations in the ether.” He gives, 
however, his reasons for thinking that there must 
be something besides these vibrations, and gives a 
long list of alternatives. 


“They that will may suppose it an aggregate of 
various peripatetic qualities. Others may suppose 
it multitudes of unimaginable small and swift 
corpuscles of various sizes springing from shining 
bodies. . . . But they that like not this may 
suppose light any other corporeal emanation, or 
any impulse or motion of any other medium or 
etherial spirit diffused through the main body of 
aether or what else they may imagine proper for 
their purpose. To avoid dispute and make this 
hypothesis general, let every man here take his 
fancy, only whatever light be I suppose it consists 
of rays differing from one another in contingent 
circumstances as bigness from vigour.”’ 


Again, in his letter referring to Hooke’s undulating 
theory he says: “The hypothesis of light being a 
body, had I propounded it, has a much greater 
affinity with the objector’s own hypothesis than 
he seems to be aware of, the vibrations of the 
aether being as useful and necessary in this as in his.” 

In the “ Optics,” published thirty years later, 
which begins: ‘‘ My design in this book is not to 
explain the properties of Light by Hypothesis, but 
to propose and prove them by reason and ex- 
periment,”’ the ether is not introduced into the 
body of the book. The idea of ‘ fits ’ of easy trans- 
mission and reflection is sufficient for his purpose ; 
he just postulates the existence of these ‘fits,’ 
saying: ‘‘I content myself with the bare discovery 
that the rays of light are by some cause or other 
alternately disposed to be reflected or refracted 
through many vicissitudes.” But if the ether is 
banished from the three books of the “ Optics”’ it 
appears in full vigour in Query 29. Newton says: 


“ Are not the rays of light very small bodies 
emitted from shining substances? Nothing more 
is requisite for putting the Rays of Light into Fits 
of easy Reflection and easy Transmission than that 
they be small bodies which by their attractive 
power or some other Force, stir up Vibrations in 
what they act upon, which Vibrations being 
swifter than the Rays overtake them successively 


and agitate them so as by turns to increase and 
decrease their velocities and thereby put them into 
those Fits.” 

Thus Newton regarded light as possessing a dual 
structure, one part of which was the small corpuscle, 
the other the vibrations which surround it. One 
very important feature of Newton’s theory of 
light, and one which differentiates it very sharply 
from the undulatory theory, is that on Newton’s 
theory the structure of light is essentially atomic ; 
it is made up of discrete and definite parts. He 
says in his first definition, ‘‘ by the rays of light 
I understand its least parts.” He regards light 
as made up of those parts which travel through 
space unchanged ; the light coming to us from a 
star is made up of particles of exactly the same 
kind as those in the light as the star itself; the 
only difference is that the particles get more and 
more widely separated, as the distance from the 
star increases. 

Let me illustrate the difference between this 
result and that which obtains on the undulatory 
theory by the consideration of the following case. 
Suppose we have a battery of guns in action. 
The guns emit both shot and waves of sound ; as we 
go farther from the guns our chance of being hit 
by the shot gets smaller, but if we are not so far 
away that the shot has lost speed, the effect when 
we are hit is just as bad as if we were nearer to 
the guns; the effect of increasing the distance 
is to diminish the number of casualties without 
changing their character. Now consider the sound 
waves. Let us call the striking of these waves 
against our ears a casualty ; also when we go to 
a greater distance the chance of these continuous 
waves hitting us will be just as great as when we 
are nearer in, but the noise will fall away quickly 
as the distance increases. In this case the number 
of casualties will not diminish with the distance 
but their character will change. This is a funda- 
mental difference between a corpuscular and an 
undulatory theory. 

In recent years great attention has been paid to 
the electrical effects produced by light; one of 
these is the emission of electrons from a metal 
surface when light falls upon it. The number and 
velocity of these electrons can be measured with 
considerable accuracy. It has been found that 
as the distance of the metal from the source of 
light increases, the number of electrons emitted 
decreases; that is, the number of casualties 
diminishes, but those electrons which are emitted 
are moving just as fast as when the metal was 
close to the source of light: that is, the character 
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of the casualties is not changed. This is but one 
of many of the electrical effects produced by light 
which show the same characteristic. In fact, all 
these effects indicate that the structure of light 
must be atomic rather than continuous. If we 
confine ourselves to the corpuscles, though we 
might explain the electrical effects we could not 
explain the optical phenomena of interference ; 
but we must remember that Newton in his con- 
fidential moods never contemplates the corpuscle 
as being the sole constituent of his units. These 
were always accompanied by vibrations in the 
ether, and the effect of these as well as the corpuscles 
must be taken into account. 

At the end of the “ Optics ’’ come the Queries. 
In these Newton abandons the severe, almost 
Euclidean, style of the earlier part of the book; 
he flings away his policy of “hypotheses non fingo”’ ; 
he makes up for lost time. The suggestions he 
makes are extraordinarily acute and suggestive. 
Here is one of them. 


“* Are not gross bodies and light convertible into 
one another and may not Bodies receive much of 
their activity from the particles of Light which 
enter into their composition. The changing of 
bodies into Light and Light into Bodies is very 
conformable to the course of Nature which seems 
delighted with transmutations.”’ 


In another Query Newton connects the abnormal 


refracting powers of some substances with their 
chemical nature, a subject which is now of great 
importance. The connexion he suggests is that 
since these bodies are so affected by light, their 
chemical nature is such as to make them readily 
take fire and emit light for themselves. This is 
the first and most daring of reciprocal relations 
of the type we are now familiar with in thermo. 
dynamics. 

Newton suggests that the ether in itself is atomic 
and that the atoms may not all be of one size. 
He calculates from the rise of liquid between two 
glass plates the force exerted by the attraction 
of the particles of the glass on water at a distance 
of 3 of one hundred thousandth part of an inch, 
that is, about one millionth of a centimetre, and 
finds it sufficient to hold up a cylinder of water 
two or three furlongs in length. He has extra- 
ordinary clear and definite ideas about chemical 
combination much in advance of anything which 
appeared for more than a century afterwards. 

I have confined myself to Newton’s work on 
optics. I have not time to do more than recall 
that he was the first to give the theory of the 
propagation of waves of sound. His work in 
physics is but a part, and perhaps not the most 
important part, of his scientific work, but if it stood 
alone his would still be one of the great names 
in science. 


Newton’s Work in Pure Mathematics. 
By Prof. L. J. Morvett, F.RS. 


HEN we consider the numerous and wonder- 

ful developments of mathematics since the 
beginning of the last century, it is very difficult 
for us to appreciate the state of mathematics just 
before the rise of Newton. The period was a 
critical one in the history of this science. All the 
signs pointed to a great awakening, and the world 
was ripe for important and far-reaching discoveries. 
This was the time of the last days of Fermat 
(1601-1665) and of Descartes (1596-1650), who had 
both initiated epoch-making discoveries. From 
the modern point of view, what little was known 
related to geometry, trigonometry, algebra, and the 
theory of equations. Their fundamental prin- 
ciples had been laid down roughly in the form in 
which they are now familiar to elementary students. 
General theorems were extremely scarce. Each 
new differential property of a curve, each new 
expansion of a function of x, required new methods. 
1 Address delivered in King’s School, Grantham, on Mar. 19, at the 


commemoration of the two-hundredth anniversary of the death of 
Sir Isaac Newton. ; 


Mathematics was chiefly a collection of isolated 
theorems and examples. 

Many distinguished mathematicians have shown 
unmistakable signs of mathematical genius at an 
early age. Newton, however, knew no mathe- 
matics when he entered Trinity College in 1661 at 
nineteen years of age. He was introduced to 
mathematics in his first term by the purchase of 
a book on astrology, which he could not understand 
because of the references to geometry and trigono- 
metry. He then started to study Euclid’s geometry, 
which he found very easy and almost obvious. 
He followed with a book on arithmetic and Des- 
carte’s “ Géométrie,” which was difficult enough 
to interest him. As an undergraduate he also 
read the works of Vieta, Van Schooten, and Wallis. 

Newton’s original investigations were commenced 
early in his career. In a manuscript of his written 


in 1665, the year in which he took his B.A. degree, 
there is the earliest documentary proof of his 
invention of the fluxional calculus, that is, what is 
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now called the infinitesimal calculus. He had 
worked this out tairly completely and had applied 
it to finding tangents, radii of curvature, etc., of 
curves. It also led him to the discovery of the 
binomial theorem. 

It is given to very few people, even in their 
later years when their powers have fully matured, 
to make so fundamental, so brilliant, so epoch- 
making a discovery as the invention of the calculus. 
Thus it is all the more marvellous that Newton 
should have done so in his early manhood after 
so short a period of study. His discovery repre- 
sented the second stage in the emancipation of 
mathematical ideas from the bondage in which 
they seem to have been held since the time of the 
ancient Greeks. The first stage was due to 
Descartes and his system of analytical geometry. 

Newton’s discovery meant in those days even 
more than Cauchy’s theory of the complex variable 
meant in his. It seemed to unlock the gates 
guarding the storehouse of mathematical treasures ; 
to lay the mathematical world at the feet of 
Newton and his followers; to open up new 
paths, new regions that would require years to 
develop. 

It is uncertain how far Newton developed his 
calculus or what were the dates of his discoveries, 
as he was very reluctant to publish his results. 
Many of his most important discoveries had their 
origin in problems arising from the calculus. 
Others, especially in geometry, arose from his 
endeavour to put the proofs of theorems of applied 
mathematics in a form free from the calculus, 
which appeared to be greatly distrusted for years 
after its invention because of the logical difficulties 
encountered by the mathematicians and philo- 
sophers who took up its study. 

The question of integration was one of the most 
fertile sources of Newton’s results. Thus in 1676, 
in letters to Oldenburg, the secretary of the Royal 
Society, who had been corresponding with Leibniz 
about some of the latter’s results, Newton describes 
some of his own work and some of his methods 
of discovery, and in particular of the binomial 
theorem. : 

The binomial theorem was discovered in finding 
the integral of (1 —2*)t. Newton noted that 


fa 
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He studied the forms of the coefficients, and 
induction suggested to him the result 


$.$-1.3-227 


He then deduced the binomial expansion for 
(1 —2*)t, which he verified by squaring and showing 
that the result reduced to 1-a*. He then gave 
without proof the expansion of (a+b)" as an 
infinite series. It was only after many years that a 
satisfactory proof was obtained by Abel. Newton 
realised that infinite series should be convergent, 
but did not know any tests for convergency. The 
present-day student would consider it an easy 
matter to find inductively the well-known expan- 
sion of (1+a)". It comes rather as a shock to 
realise that the winning of the simple, elementary 
mathematics of to-day required mighty geniuses 
at some time or other. 

Newton also gave in this letter the expansion of 
sin-! x. He deduced from this the expansion of 
sin x by the method of reversion of series, the 
earliest example of this process. History was to 
repeat itself many years afterward when the 
expansions of elliptic integrals were to precede 
those of elliptic functions. He also found the 
length of an arc of an ellipse by infinite series. 
He evaluated the binomial integral 


Sum(b + 


which can be integrated in finite terms if 
(m+1)/n is a positive integer, and which he 
thought, erroneously, could not be done otherwise 
without infinite series. In later years, he also 
solved the problems of orthogonal trajectories and 
of the brachistochrone. He solved differential 
equations by the use of infinite series, and, as he 
says, any differential equation can be integrated 
in this way. But this of course does not end the 
matter. 

Very little need be said about the discussion 
which raged for so many years as to whether 
Newton or Leibniz deserved priority in the inven- 
tion of the calculus. It is now considered that they 
were independent discoverers. This is not really 
surprising when the work and interests of the 
mathematicians of their era are considered. The 
history of mathematics abounds with similar 
examples. The theory of elliptic functions was 
discovered independently by Abel and Jacobi, and 
it was only many years after the death of Gauss 
that his notebooks revealed that he had anticipated 
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both of the others, but had not published his 
work. 

Newton lectured on algebra and the theory of 
equations during the years 1673-1683, and many 
theorems on these subjects are now associated with 
hisname. The reversion of series has already been 
mentioned. Another very important theorem, now 
fundamental in the theory of algebraic functions of 
a variable, is referred to as Newton’s parallelogram. 
It discusses the shape of a curve with a multiple 
point at the origin or at infinity and is equivalent 
to finding from a given relation F(x, y)=0 the 
initial terms in the ex- 
pansion 


r 

y=Axt+ Bart... 

The calculus also led 
him to the method of 
interpolation. By this he 
approximated to the shape 
of a curve by drawing a 
higher parabolic curve 
e+... 
through a number of 
points on the given curve. 
He was thus enabled to 
find the area approxi- 
mately by easyintegration. 

Newton left his impress 
particularly upon the 
theory of equations. He 
proved that imaginary 
roots occurred in pairs. 
It may be recalled that it 
was only in the nineteenth 
century that the import- 
ance of imaginary numbers 
was appreciated and fully 
understood. His formula for the lower limit to 
the number of imaginary roots in an equation was 
given without either proof or any indication of the 
method by which he discovered it. It remained for 
Sylvester to prove in 1865. Newton laid the founda- 
tion for the theory of the symmetrical function of 
the roots of an equation by giving his well-known 
formula for the sum of the nth powers of the roots 
in terms of the coefficients of the equation. 

Newton’s name has been given to a method for 
finding approximately the root of an equation. In 
the form in which it is now used, namely, that if 
a is an approximation to a root of the equation 
f (x) =0, then 
fla) 


a-—;< 


f'(a) 


Fic. 8.—Cast of Newton's face, in the possession 
of the Royal Society, London. 


From Green’s “ Short History of the English People.” 


is in general a better approximation, the theorem 
is not due to Newton but to Raphson. 

Newton’s method as exemplified by his famous 
cubic 

y® —-2y-5=0 
was to put 
2 +P, 
so that the equation becomes 
+ 6p? + 10p -1=0. 
Neglecting the higher powers of p, he gets 10p =1. 
He then puts 
p=01+q 
in the equation for p and 
gets 
+ 6-39? + 11-23¢ 
+0-061 =0. 
The approximate value of 
q is given by 
11-23q + 0-061 =0. 
He then puts 
q= —90-0054 +7, 
etc. 
We come finally to thé 
geometrical work of 
Newton. He un- 
equalled by modern writers 
in his power in the use of 
the methods of classical 
geometry, though he dis- 
covered no new principles. 
The geometrical solution 
of the problem of Pappus, 
to find the locus of a point 
such that the rectangle 
contained by its distances 
from two given lines shall 

be in a given ratio to the 
rectangle contained by its distances from two other 
given lines, had baffled the efforts of geometers 
since the time of Apollonius. Newton apparently 
gave without much difficulty an elegant proof that 
the locus was a conic. 

Equally skilful was Newton in the application of 
analytical geometry to the theory of curves. He 
distinguished between algebraic and transcendental 
curves, and showed that the former were cut by a 
straight line in a number of points given by the 
degree of the equation, and the latter in an infinite 
number of points. This, of course, is a fundamental 
theorem in geometry. 

Newton investigated the properties of cubic 
curves analogous to those of conics such as 
asymptotes and diameters. He then proceeded 
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to reduce the equation of a cubic to four simple 
canonical forms. Each of these was discussed in 
detail, and its double points, ovals, etc., were 
considered. He found seventy-two of the possible 
seventy-eight forms that a cubic may take. Finally, 
he stated without proof that all cubic curves could 
be derived by projection from the canonical form 
=aa + ba? +cx +d, 


a theorem which remained unproved until 1731. 
Apart perhaps from some of his geometrical 
investigations, Newton’s pure mathematics was 
dominated by his invention of the calculus and his 
efforts to solve the problems of Nature. No one 
has surpassed him in combining theory and its 
application. No one appreciated him more than 
the greatest of the great mathematicians. 


Newton’s Work in Optics. 
By Sir Ricoarp K.C.B., For. Sec. B.S. 


EWTON entered Trinity College, Cambridge, 
in 1661 shortly before his nineteenth birth- 
day, and proceeded to his B.A. degree in 1665. 
On Oct. 1, 1667, he became a fellow of the College, 
and in 1669 was chosen as Lucasian professor of 
mathematics in succession to Barrow, whose optical 
lectures he had helped to edit during the previous 
year. His own interest in optics began at an early 
date ; while still an undergraduate he had written 
about haloes. In 1666 he “ procured a triangular 
glass prism to try the celebrated phenomena of 
colours.” His first telescope was constructed in 
1668 and his second telescope sent to the Royal 
Society in 1671. The following year (Jan. 11, 1671, 
old style) he was elected a fellow of the Royal 
Society, and his letter containing his new theory 
of light and colours was read on Feb. 6, 1672. 
Hooke, who with Boyle and the Bishop of Salis- 
bury was asked to report on the paper, wrote a 
critical report, claiming that Newton’s results were 
contained in his own. ‘‘ Micrographia ”’ published 
in 1664. Criticisms were also published by Linus 
of Liége and Lucas. 

Newton was admitted as a fellow of the Royal 
Society in 1675, and shortly afterwards sent to the 
Society a paper on the colours of thin plates. Hooke 
was again a critic. The main part of the work, he 
said, “‘ was contained in the ‘ Micrographia,’ which 
Mr. Newton had only carried further in some 
particulars.” 

Some correspondence followed, and Newton in 
his final letter gave Hooke full credit for his work. 
“You,” he wrote, ‘have added much several 
ways, and specially in considering the colours of 
thin plates. If I have seen farther it is by standing 
on the shoulders of giants.” 

_ It was not until some thirty years later (1704) 
that the first edition of the ‘‘ Optics” appeared. A 
second edition with additions—‘‘ A Treatise,”’ it is 
called, “‘ of the Reflexions, Refractions, Inflexions, 
and Colours of Light ’—was printed by the printers 
to the Royal Society in 1718, fifty years after the 


construction of his first telescope, and contains, in 


a series of Queries of very real interest, his latest 
views on optics and allied subjects. 

But before dealing with the questions raised in 
these, some reference to the book itself is called for. 
The difficulties which followed the reading of his 
papers in 1675 were the main cause of the delay 
in publication. ‘‘To avoid being engaged in Dis- 
putes about these Matters,” he writes, “I have 
hitherto delayed the printing, and should still have 
delayed it had not the Importunity of Friends 
prevailed upon me.” The treatise is divided into 
three books. The first deals with the reflexion, 
refraction, and dispersion of light ; the second with 
the colours of thin and thick plates; and the third 


with diffraction, and in the Queries with double 


refraction and the theory of light. 

The first book opens with a statement of known 
propositions as a series of definitions and axioms. 
“For what hath hitherto been generally agreed 
on I content myself to assume under the Notion 
of Principles. . . . And this may suffice for an 
Introduction to Readers of quick Wit and good 
Understanding not yet versed in Optics, although 
those who are already acquainted with this Science 
and have handled Glasses will more readily appre- 
hend what followeth,”’ and then we come to Prop. I. 
Theor. I. ‘‘ Lights which differ in Colour differ also 
in Degrees of Refrangibility.’’ From this we pass by 
a series of experiments most beautifully designed, 
most clearly described, to an investigation of the 
chromatic aberration of lenses with an account of 
the defects of refracting telescopes, incurable, as 
Newton thought he had proved it to be by these 
experiments, and the construction of his own reflect- 
ing instrument. “Seeing, therefore,’ he writes, 
“that the Improvement of Telescopes of given 
lengths by Refractions is desperate, I contrived 
therefore a Perspective by Reflexion, using instead 
of an Object-glass a concave Metal.” The mirrors 
of the first two telescopes he made and polished 
himself. 


‘“‘ By many trials I learnt the way of polishing 
till I made those two reflecting Perspectives... . 
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For this Art of polishing will be better learned by 
repeated Practice than by my Description.” 

‘“* When I made these an Artist in London under- 
took to imitate it, but using another way of polish- 
ing them than I did he fell much short of what I 
had attained to, as I afterwards understood by 
discoursing the under Workman he had employed.” 

Newton was mistaken, as we now know. Fig. 9— 
Fig. 26, Plate V., of the first book of the “‘Optics””— 
illustrates the crucial experiment (Exp. 15, Bk. I. 
Part I.). In the figure PT is the position of the 
spectrum formed on a vertical screen by a prism 
with its edge horizontal and its angle downwards. 
The plane of the screen is parallel to the edge of 


Fig. 9.—Reproduced from Newton’s “ Optics.” 


the prism. The light forming this spectrum is 
intercepted by a second prism placed close behind 
the first, but with its edge vertical ; the spectrum 
is displaced into the position pt. Tt and Pp 
measure the tangents of the deviation of the violet 
and red ends respectively, while their difference 
depends on the dispersion. 2é2p, and re- 
present spectra formed similarly by other prisms 
placed in turn in the position of the first vertical 
prisms. S is the position of the spot formed on 
the screen by the direct light of the sun, painting 
“his round white image when the prisms were 
taken away.” 

Newton observed that when the angle of the 
prism forming the image 3p3t was equal to that 
of the first prism, the axis of the spectrum 3/3p 
met that of the original spectrum TP. at the centre 
of the sun’s image S, while the produced axes of 
the spectra tp or 2t2p formed by prisms of less 
angle cut the axis of TP in the points m, n a little 


beyond the centre of the image S. From the 
figure he obtained the values of the tangents of 
the deviations of the violet and red rays in each 
case 

“from whence the Proportions of the Sines being 
derived, they come out equal so far as by viewing 
the Spectrums and using some mathematical 
Reasoning I could estimate ”’ ; 

or, in other words, if we denote by a, £, the devia- 
tions of two rays (violet and red, say) produced by 
a prism, then the ratio sin a/sin 8 is independent 
of the prism. 

It is, however, not clear from the description 
that the prisms were of different material. With 
modern glasses of high or moderate dispersion 
the axes of the spectra would not be straight, but 
curved, and would not appear to meet near S. 

Newton refers to the different angles of the 
several prisms, and continues : 

“ But for want of solid Glass Prisms with Angles 
of convenient bignesses, there may be Vessels made 
of polished plates of Glass cemented together in the 
form of Prisms and filled with Water.” 

It is at any rate possible, or perhaps rather 
probable, that he proved the proposition only in 
the case of prisms of the same material, and in 
any case it is not likely that he used prisms of 
widely different optical properties, even though 
they may not all have been bought at Stourbridge 
Fair, to try the celebrated phenomena of colours. 
And so he concludes : 


“ But by reason of this different Refrangibility 


I do not see any other means of improving Tele- 
scopes by Refractions alone than that of increasing 
their lengths, for which end the late Contrivance of 
Hugenius seems well accommodated.” 

But to pass on; other propositions of the book 
deal with the nature of white light and the com- 
position of colours. 

“ Colours,” it is shown, “may be produced by 
Composition which shall be like to the Colours of 
Homogenial Light as to the appearance of Colour, 
but not as to Immutability of Colour and Constitu- 
tion of Light ”’ ; 
and again : 

‘“‘ Whiteness, and all grey Colours between white 
and black, may be compounded of Colours, and the 
whiteness of the Sun’s Light is compounded of all 
the primary Colours mixed in a due Proportion.” 

In another proposition it is shown that if light 
be due to the motion of corpuscles moving in the 
direction of the ray, but subject, when in the neigh- 
bourhood of the surface of separation of twodifferent 
media, to a force normal to the surface, and if v, v’ 
be the velocities in the two media, ¢, ¢’ the angles 
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of incidence and refraction, then sin ¢/sin ¢’ = 
v/v. Thus if ¢is > ¢’, then v’ is > 2, or, of the 
two media, the velocity is greater in the more 
dense, contrary to what we now know to be true. 

So far Newton has been dealing with geometrical 
optics. Book II. introduces us to ‘ Observations 
concerning the Reflexions, Refractions, and Colours 
of thin transparent Bodies ”»—to Newton’s rings 
and the theory of light he devised to account for 
his observations. 

Hooke in 1665, and Boyle two years earlier, had 
observed the colours shown by thin sheets of mica 
in both transmitted and reflected light, and Hooke 
(‘‘ Micrographia,” p. 47) had described how to 
produce these colours by placing two lenses in con- 
tact and reflecting light from the thin film of air 
between them. Newton, after a brief reference to 
the observations of others, describes his own experi- 
ments. He found the squares of the radii of the 
bright rings to be in the arithmetical progression 
of the odd numbers 1, 3, 5, . . . and those of the 
dark rings in the arithmetrical progression of the 
even numbers 0, 2, 4,6, ... 

A knowledge of the radii of curvature of the 
lenses and of the radii of the rings enabled him to 
calculate the thicknesses of the air film for light 
and dark rings. These he found to be, in inches, 
1/178000, 3/178000, . . . and 0, 2/178000, 4/178000 

. Tespectively. 

Having now obtained his facts, Newton attempts 
to explain them : 

“ Every Ray of Light,” he writes (Bk. II. Pt. iii. 
Prop. xii.), “in its passage through any refracting 
Surface is put into a certain transient Constitution 
or State which in the progress of the Ray returns 
at equal Intervals and disposes the Ray at every 
return to be easily transmitted through the next 
refracting Surface, and between the returns to be 
easily reflected by it.” And then follows a 
definition: ‘“‘ The returns of the disposition of 
any Ray to be reflected I will call its Fits 
of easy Reflexion, and those of its disposition 
to be transmitted its Fits of easy Transmission, 
and the space it passes between every return and 
the next return the Interval of its Fits.” 

He has no theory to account for this, but writes : 


“What kind of action or disposition this is ; 
whether it consists in a circulating or a vibrating 
Motion of the Ray or of the Medium or something 
else, I do not enquire.” 

He postulates (Query 17) a refracting or reflecting 
medium in which waves of vibration or tremors 
are excited at a point in which a ray of light is 
incident, ‘‘and continue to arise there and be 
propagated from thence as long as they contiriue 
to do so.” While (Query 18) he writes, after 


describing an experiment which shows that heat 
can reach a thermometer when suspended in a 
vacuum : 

“Is not the Heat of the warm Room conveyed 
through the Vacuum by the Vibrations of a much 
subtiler Medium than Air, which after the Air 
was drawn out remained in the Vacuum? And 
is not this Medium the same with that Medium by 
which Light is refracted and reflected, and by 
whose Vibrations Light communicates Heat to 
Bodies and is put into Fits of easy Reflection and 
easy Transmission? And do not the Vibrations 
of this Medium in hot Bodies contribute to the 
intenseness and duration of their Heat, and do not 
Hot Bodies communicate their Heat to contiguous 
cold ones? And is not this Medium exceedingly 
more rare and subtile than the Air, and exceedingly 
more elastick and active? And doth it not 
readily pervade all Bodies? And is it not (by its 
elastick force) expanded through all the Heavens?” 


And again, Query 19: 

“ Doth not the Refraction of Light proceed from 
the different density of this Ethereal Medium in 
different places, the Light receding always from 
the denser parts of the Medium? And is not the 
density thereof greater in free and open Spaces 
void of Air and other grosser Bodies than within 
the Pores of Water, Glass, Crystal, Gems, and other 
compact Bodies ?”’ 

These queries appeared in 1718. In the text of 
the ‘‘ Optics ” (1704), Newton was more cautious, 
for in Prop. xii., after his inquiry as to the action 
or disposition which causes the alternate fits of 
reflexion and transmission, he permits “ those who 
are averse from assenting to any new Discoveries 
but such as they can explain by an Hypothesis ” 
to “suppose for the present” that “the Rays of 
Light by impinging on any refracting or reflect- 
ing Surface, excite vibrations in the reflecting or 
refracting Medium or Substance.”’ 

We will return below to the question of why 
this complexity was necessary.—A stream of cor- 
puscles constituting a beam of light, accompanied in 
their path by waves in an elastic medium travel- 
ling with a velocity exceeding that of the corpuscles 
themselves, overtaking them and jostling them 
into alternate fits of reflexions and transmission, 
a theory so complex that in the words of Verdet : 

“ Pour renverser ce pénible échafaudage d’hypo- 
théses indépendantes les unes et les autres il suffit 
presque de le regarder en face et de chercher a 
le comprendre.” 

Meanwhile some brief account must be given 
of the Third Book of Optics: ‘“‘ Observations 
concerning the Inflexions of the Rays of Light 
and the Colours made thereby.” It deals with 
Grimaldi’s observation of the colours of bands 
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seen on either side of the shadow of a hair illumi- 
nated by light from a small hole—the diffraction 
of light. 

Newton experimented with sunlight transmitted 
into his darkened chamber through a pinhole 7; 


part of an inch in diameter. “For 21 of those 
Pins laid together took up the breadth of half an 
inch’’; he mea- 


sured the breadth 
of the fringes, three 
in number, at vari- 
ous distances from 
-the hair, and ex- 
tended the obser- 
vations to include 
the fringes pro- 
duced by a sharp 
knife edge and also 
by a narrow trian- 
gular slit formed 
by two knife edges 
inclined at a small 
angle to each other. 
Of these appear- 
ances he attempts 
no explanation, 
stating that at the 
time he was inter- 
rupted, “ and can- 
not now (1718) 
think of taking 
these things into 
consideration. And 
since I have not 
finished this part 
of my Design, I 
shall conclude with 
proposing only 
some Queries in 
order to a further 
search to be made 
by others,”’ and the 
first queries ask : 

“ Do not Bodies 
act upon Light at a distance and by their action 
bend its Rays, and is not this action (ceteris 
paribus) strongest at the least distance? Do 
not Rays which differ in Refrangibility differ also 
in Flexibility ? Are not Rays of Lightin passing 
by the edges and sides of Bodies bent several times 
backwards and forwards; with a motion like that 
of an Eel? And do not the three fringes of 


coloured Light above mentioned arise from three 
such bendings ?” 


Stearn) 


‘ 


In Query 25 we come to the double “ refraction 


Fic. 10.—Statue by Roubiliac in the ante-Chapel of Trinity College, 
Cambridge, given to the College by Dr. Robert Smith, Master, 1742-68. 


of Island Crystal described first by (1670) 
Erasmus Bartoline and afterwards more exactly 
by Hugenius in his book ‘ de la Lumiére’ (1690).” 
The properties of the crystal and its effects on 
light are described, ending with the Query (26) : 


“ Have not the Rays of Light several sides endued 
with several original Properties ? ” 


This is discussed 
and proved, lead- 
ing to a further 


Query (28): 


“Are not all 
Hypotheses erron- 
eous in which 
Light is supposed 
to consist in Pres- 
sion or Motion pro- 
pagated through 
a fluid Medium ? 

for Pression 
or Motion cannot 
be propagated in a 
Fluid in right Lines 
beyond an Obstacle 
which stops part of 
‘the Motion, but 
will bend and 
spread every way 
into the quiescent 
Medium, which lies 
beyond the ob- 
stacle ?”’ 


As a further objec- 
tion he _ writes, 
after a reference to 
Huyghens’ experi- 
ments on _ polari- 
sation : 


“For Pressions 
or Motions, propa- 
gated from a shin- 
ing Body through 
an uniform 
Medium, must be 
on all sides alike ; 
whereas {by those 
Experiments it 
appears that the 
Rays of Light have different Properties in their 
different Sides.” 


Thus Newton is led to the conclusion expressed 
in Query 29: 

“ Are not the Rays of Light very small Bodies 
emitted from shining Substances? For such Bodies 
will pass through uniform Mediums in right Lines 


without bending into the Shadow which is the 
Nature of the Rays of Light.” 


In 1675 he had been less positive ; in his series of 


(Cambridge. 


4 
: 
“ON 
| 
| 
4 


Supplement to ‘‘ Nature,” March 26, 1927 


47 


“‘ Hypotheses as to the Nature of Light,” submitted 
in that year to the Royal Society, he wrote, after 
premising the existence of an ether in which 
waves were set up by the impact of light rays on 
a reflecting or refracting surface : 


“In the fourth place therefore I suppose light 
is neither ether nor its vibrating movement, but 
something of a different kind propagated from 
lucid bodies. To avoid dispute and make this 
hypothesis general let every man take his fancy. 
Fifthly, it is to be supposed that light and zther 
mutually act upon one another.” 


Newton was aware of Huyghens’ ‘“Traité de 
la Lumiére,” with its beautiful construction for 
determining the position at any instant of a 
wave front, in a medium either crystalline or 
isotropic, as the envelope of the wavelets pro- 
ceeding from all points of a previous position 
of the front; but such a construction did not 
account for rectilinear propagation. He was 
aware, also, of the fact that two waves in 
water of the same period reaching a given point 
by paths differing by an odd multiple of half a 
wave produced rest, and had thus explained the 
tidal phenomena of the port of Batcha in Cochin 
China, an explanation which one hundred years 
later first put Young on the track of interference ; 
but he failed to see how this would account 
for many of the experimental results he had so 
clearly described. 

Newton knew, also, that sound waves in air 
were propagated by disturbances taking place in 
the direction in which the waves are travelling, 
and, for him and his contemporaries, the waves 
in the luminiferous medium possessed this same 
property. Such a motion could not account for 
polarisation, and though he refers several times 
in the “ Optics” to the vibrations of a stretched 
string, no one in his day had conceived that the 
vibrations to which light is due could, like those 
of the string, be transverse and give to the ray 
the sides needed to account for polarisation. 

A century passed before Newton’s doubts were 
resolved, and for that period his views held the 
field until, on Nov. 12, 1801, Young applied the 
principle of interference to explain the diffraction 
of light, the colours of thin plates, and many 
of the other phenomena discussed by Newton. 
Fresnel’s first memoir on diffraction is dated 1815, 
and was followed in rapid succession by other 
researches by which he established securely the 
consequences of interference, and showed how it, 
when combined with the extreme smallness of the 
wave-length of light, led to an explanation of 


the rectilinear propagation. His memoir on the 
diffraction of light was crowned by the French 
Academy in 1818, exactly a century after the publi- 
cation of the second edition of the ‘ Optics.” 

Newton’s second difficulty was solved at the 
same time. Hooke had suggested, but without 
any convincing reasons, that the vibrations in a 
light ray were transverse to the ray. Fresnel in 
1816, in a Memoir on the influence of polarisation 
on the mutual action between two rays of light, 
makes the same hypothesis. Young in 1817 
(article ‘ Chromatics,’ Supplement to “ Encyclo- 
pedia Britannica ’’) writes : 

“The elementary motions of the particles of the 
luminiferous medium are supposed to be principally 
confined to the line of direction of the undulation, 
while the most sensible effects of the waves depend 
immediately on their ascent and descent in a 
direction perpendicular to that of their progressive 
motion. . . . If we assume as a mathematical pos- 
tulate in the undulatory theory that a transverse 
motion may be propagated in a straight line, we 
may devise from this assumption a tolerable 
illustration of the subdivision of polarised light 
by reflexion on an oblique plane.” 


But, writes Verdet, “‘ The idea of transversal 
vibrations appeared a mechanical absurdity to all 
contemporary men of science,” especially to Laplace 
and to Arago. The latter could never in his life 
decide to admit it as true, and Fresnel abandoned 
for a time an explanation based on this hypo- 
thesis. 

In 1819, Arago and Fresnel published a Memoir 
on the mutual action between two rays of polarised 
light, and as a result of this, in 1821, Fresnel 
adopted the hypothesis of transversality in his 
Memoirs on mechanical considerations on the 
polarisation of light and on double refraction. 
One other experiment was required to disprove 
the emission theory, and this was first carried out 
by Foucault, who showed that light travelled more 
slowly in water than in air in accordance with the 
requirements of the undulatory theory. Newton’s 
theory, as we have already seen, required the reverse 
result. 

Another century has passed, and we have the 
quantum theory of radiation enunciated by Planck 
in his famous paper of 1901. Radiant energy 
leaves a radiant body, not continuously but in 
definite ‘chunks ’"—quanta—depending on the fre- 
quency and on a constant, Planck’s constant h, 
of which the value is 6-55x10~? erg sec. The 
energy of the system is not equally distributed 
among the various modes of vibration, as required 
by classical mechanics ; but little is found in short- 
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period waves; it is mostly concentrated in the 
low-frequency vibrations. 

The law of radiation developed by Planck has 
been fully verified by numerous experiments, and 
the inverse problem, given that the final partition 
of energy is that determined by Planck’s law, what 
laws of motion must be postulated for the system in 
order to obtain this law, was first solved by Poincaré 
(1912), who wrote: “ L’hypothése des quanta est 
la seule qui conduise a la loi de Planck.” 

Light is one form of radiant energy. Light then 
leaves a luminant body in quanta—light quanta— 
and this view has been developed by Einstein in 
his papers on light quanta (1905) and the theory 
of radiation (1917). Such a theory has its diffi- 
culties ; it contradicts at first sight much that we 
know from experiment about the interference of 
light. Thus Prof. H. A. Lorentz (quoted by Jeans 
in his “‘ Report! on Radiation and the Quantum 
Theory ’’) said at the Birmingham meeting of the 
British Association in 1913: ‘‘ Now it must, I 
think, be taken for granted that the quanta can 
have no individual and permanent existence in the 
ether, but they cannot be regarded as accumula- 
tions of energy in certain minute spaces flying about 
with the speed of light. This would be in contra- 


1 For a discussion of the quantum theory, and of course of the 
problems here alluded to, reference should be made to this Report. 


diction with many well-known phenomena of inter- 
ference and diffraction. It is clear that if a beam 
of light consisted of separate quanta, which of 
course ought to be considered as mutually inde- 
pendent and unconnected, the bright and dark 
fringes to which it gives rise could never be sharper 
than those that would be produced by a single 
quantum.” 

While it is tempting to try to draw an analogy 
between Newton’s corpuscles and light quanta, 
and possibly between his fits of easy reflexion 
and transmission and the probabilities of periodic 
changes in the states of motion of an atomic system 
from which the emission of quanta arise, there are 
difficulties in the way of the acceptance of any 
mechanical theory purporting to account for the 
emission of light, which, up to the present, have 
proved insuperable, unless, indeed, we may see in 
the new mechanics developed by Heisenberg 
and Schrédinger some means of bringing the 
various experimental results under some general 
law. 

In a recent paper read before the Royal Society 
on the quantum theory of the emission and absorp- 
tion of radiation, Dirac studies the interaction of 
an assembly of light quanta with an ordinary atom, 
and claims to show that it gives Einstein’s laws for 
the emission and absorption of radiation. 


Printed in Great Britain by R. & R. Cuark, Limitep, Edinburgh, 
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Newtonian Time Essential to Astronomy.* 
By Sir JoszpH Larmor, F.R.S. 
“ Let us now praise famous men.” 


THE HisToricAL PROBLEM. 


w= Newton undertook the unprecedented 
task of exploring the dynamics of the 
motions of the heavenly bodies, sparsely scattered 
in the vast depths of cosmical space, the pre- 
liminary and novel problem in front of him was 


naturally to settle their bearings. He formally’ 


established the principle that, though there may 
be one essential space, or zther, all spatial frames 
of referenee are equally permitted in material 
dynamics provided their motion relative to this 
standard frame and so to one another is one of 
uniform translation. Thereby, for example, he 
was justified in referring the internal motions of 
the planetary system to the sun as if it were a 
fixed centre, although it is in motion with velocity 
then unknown: going even deeper, he showed 
how the apparent regular revolution of the direc- 
tions of the stars could be proved, by experiment, 
to include them within the range of a frame of the 
dynamics constructed locally so as to be appro- 
priate to the events on the earth as a whole. 
But he curtly laid down the postulate that there 
is one universal reckoning of time. He even went 
on, in another context in more speculative vein, 
to assign to this physical absolute time a tran- 
scendental significance,? which has made it a battle- 
ground of philosophers from Leibniz onward. On 
these fundamental topics no degree of precision 
can be excessive. 

The next essential progress in general ideas 
relevant to permitted frames of reference for 
dynamical science came from James Thomson, the 
engineer brother of Lord Kelvin, as late as 1884.8 
He recognised that the totality of such permitted 
frames form an interchangeable group: he in- 
vented for them the name ‘ frames of inertia,’ which 
has been recently supplanting the term Galileian 
co-ordinates introduced in the relativity theory. 
He even propounded the fundamental question : 
given three systems of bodies in independent 
motion in the same space, under what conditions 
is it possible to discover a moving frame of refer- 
ence in that space (and therefore a group of frames) 
relative to which their motions are all uniform 
translatory ? The very idea of a frame ef reference, 
as something requiring a name, seems to have 


* Communicated to NATURE early in February 1927. 
e 1 Cf. the weighty scholium at the end of the Definitiones in the 

Principia,” where Newton lays down the necessity of a formal 
foundation of Aziomata sive Leges motus. : 

* Cf. the condensed theological metaphysic of the final Scholium 
Generale ; also the Queries at the end of the “ Opticks.”’ 

Proc. R. S. Edin, : “ Collected Papers,” pp. 379-403. 


originated with his direct and acute, but sometimes 
tedious, thought. He recognised the problem of 
simultaneity, but could not solve it: that had to 
wait for the modern group-theory. About the same 
time (1870) C. Neumann published discussions, that 
attracted far wider attention, in which motions are 
framed by being made relative to ‘the body Alpha.’ 

In. the higher theoretical astronomy rotating 
frames of reference have however been practically 
in use ever since Newton, but more formally since 
the brilliant initiative of Euler in referring the 
dynamics of a rotating solid body to itself. 

The simplicity of the Newtonian frames of space 
and absolute time was disturbed practically, by 
the fact that our celestial knowledge comes by 
rays of light which suffer delay in transmission. 
Principles of correction, taking cognisance also of the 
motion of the observer, were introduced by the great 
practical astronomer Bradley, during Newton’s life- 
time, which have remained adequate until this day. 

But close tests on the propagation of the light 
itself, initiated by Michelson (1881) after an idea 
broached by Maxwell, indicated that things pass 
as if the velocity of light were practically the same 
absolute constant within all local environments, 
unaffected by the directions and magnitudes of 
their convections through space. This result, 
then unexpected and even paradoxical, became 
the stimulus to modern projects of complete local 
relativity, based on a general postulate (1900) that 
each local scheme of events is, so far as relates to 
the atoms of matter, self-contained. Its theoretical 
proof, up to the second order of approximation 
even within the atoms if only their structure is 
electric, rested on a principle of correspondence 
which had in Lorentz’s hands already (1892) given 
an easy explanation of the aberration of light and 
other first-order effects. Such theories, neces- 
sarily only approximate for application within the 
atoms, culminated in impressive practical form 
(1915) in the inclusion of gravitation by Einstein, 
leading to his astronomical predictions and their 
subsequent verification. 

The confirmation (1919) of Einstein’s prediction 
of the deviation of rays of light in the sun’s gravita- 
tional field, at once placed these later developments 
of the dynamics of relativity in a privileged 
position, and made their critical study imperative. 
Later the eclipse result has been enhanced by 
a gradual consensus of expert opinion regarding 
the alleged gravitational influence on the atomic 
periods of free vibration: but the original close 
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explanation, by the theory, of the outstanding 
small residue of the advance of planetary peri- 
helia has become less cogent on account of un- 
certainties of the astronomical problem. 


CovuLp ORBITS BE ISOLATED GEODESIC CURVES ? 


These predictions all rested on a postulate that 
in a planetary system of orbits, as represented 
symbolically in an Einstein-Minkowski fourfold 
continuum, each gravitational orbit is separately 
on its own account a quasi-geodesic curve, like a 
line of shortest length. But it has been held (1922) 
to be intrinsically impossible to reason on the basis 
that the warping of this auxiliary fourfold con- 


tinuum is determined by the representative orbits | 
| mathematical theory of relativity on its intelligible 


within it, while at the same time each orbit is 
determined by the warping of the fourfold. The 
influences have to be treated as mutual: the 
necessary intrinsic invariance of Nature, holding 
amid all the accidents of arbitrary modes of 
reference, which at first pointed to the geodesic 
postulate as a suitable choice, must thus belong, 
as the invariant Hamiltonian Minimal Action does 
in the actual dynamical astronomy, to the system 
as a whole, not to the orbits separately. When, 
however, the orbital problem was examined ¢ in the 
representative fourfold on this basis of a single 
mathematical Action function, originating in a 
field-Action, binding into a unity all the mutual 
influences, it appeared that the constant of gravita- 
tion had to enter into the expression for the 
Einsteinian absolute symbolic interval of fourfold 
space-time in the form y instead of 2y, leading to 
smaller potency of gravitation on light so that the 
two predicted optical effects of gravitation must 
each be halved. 

The only criticism of this result of which I am 
aware was a remark to the effect that, if this 


is really so, then there must be something wrong | 
with the application of the method of Minimal | 


Action. Yet that method has continued to be, 
without substantial modification, the essential and 
eminently convenient foundation of the general 
fourfold mathematical theory of relativity. The 
astronomical verifications in agreement with the 
Einsteinian values, as they became generally 
accepted, have thus pointed insistently for several 
years to the necessity of finding some way of 
reconciliation of this alleged fundamental dis- 
crepancy in the theory. It was indeed clear 
enough that the réle of astronomical time in the 
formule, as taken over from LEinstein’s own 
adaptation for his geodesic postulate, was un- 
satisfactory ; but nothing better presented itself, 
though a slight error here involves great con- 
sequences. Various attempts at reconciliation, 
essayed by the writer during the last four years, 
have shown themselves inadmissible. It is easy, 
for example, to solve the problem, which is simply 
that of fitting gravitation within the domain of the 
optical and electrical relativity postulate, by means 
of a scalar potential of gravitation, introduced 
alongside the fourfold vector potential that is the 
expression of the electric and optical field: but 


* Philosophical Magazine, Jan. 1923, pp. 243-256. 


that course, otherwise apparently unexceptionable, 
does not suggest any interaction between gravita- 
tion and light. Thus the actual astronomical de- 
tection of such an influence, as stimulated originally 
by Einstein’s formulation, and carried through 
in the first instance in eclipse expeditions guided 
by Davidson and by Eddington with the help of the 
Astronomer Royal in the preparation, has now come 
to control the whole discussion in its own right. 


DynamicaL Time INHERENT IN THE INTRINSIC 
STRUCTURE OF MATTER, NOT IN FoRMAL 
FRAMES. 


The reconciliation of this discrepancy that will 
now be put forward is held to place the modern 


physical foundation. An actual astronomer is not 
an isolated solitary flying particle of the abstract 
mathematical theory. In his annual journeys at 
high speed round the extensive circumference of 
the earth’s orbit, he takes his instruments and his 
landscape of reference along with him, without 
which he would be he!pless : more important still, 
he takes his astronoiaicai records extending over 
centuries of time, which have to be permanently 
intelligible and consistent to all brother astro- 
nomers, actual and potential, at all times and all 
places and moving in concert with their environ- 
ments with all conceivable speeds. There must 
be something of the absolute involved here. The 
solution now offered is that our astronomer’s own 
local space and time are absolute Newtonian space 
and time: that, unless we turn back from and 
reject the whole corpus of modern spectroscopic 
atomic doctrine, it is not possible to wriggle out 
of Newton’s dictum of the necessity in dynamics 
of a universal continuous measure of time. Nor 
indeed do the creators of modern relativity attempt 
to do so, except in so far as many of them have 
become uncomfortable under the LEinsteinian 
universal invariance of the time-space auxiliary 
fourfold interval, which as here interpreted involves 
and even imposes absolute time. 

In the Einsteinian form of fourfold Action it is 
the modification of the time-like variable that 
dominates almost completely, as regards the actual 
universe with its slow motions, the forms of the 
symbolic tracks, because ¢ enters into ds in the 
form cdt: when we have learned how to transform 
the symbolic track into an actual orbit in space 
and time with close accuracy as regards t, a much 
more rough adjustment will suffice spatially. Hence 


' the importance of the utmost precision in the 


time-specification. 

The extension of the environments of the 
astronomers, as enshrined in frames of the local 
standard, or so-called natural, space and time 
universal in character and the same for the en- 
vironments of them all, into wider regions, is 
troubled by the fact that their only practical 
means of distant communication is by rays of 
light or other electric signals, which are delayed 
in transmission and affected by the motions of 
the observers. .As regards astronomical observa- 
tions that difficulty was discovered and surmounted 
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as early as 1727 by Bradley, who, especially by 
his fundamental principle of aberration, founded 
and even perfected the science of practical astro- 
nomy. But not merely an approximate practical 
consistency; an absolute mathematical fit isrequired, 
though possibly of a kind which may never attain 
to verification, if the accumulated work of astro- 
nomers is to be intelligible in ideal completeness 
to intellectual scrutiny, notwithstanding every 
variety of position and motion of possible observers 
and recorders and the complexities of light- 
transmission, of all which complications an ideal 
foundation for the records of astronomical history 
must in theory take exact cognisance. 

It is held that the demand for universal in- 
telligibility thus introduced, though of a generality 
which transcends any special corpus of physical 
science and so may appear at first sight to be 
unfruitful as being metaphysical, does point to a 
necessary and attainable actual construct within 
this domain of knowledge, that of astronomy and 
physics. Knowledge is rendered possible because, 
though the intrinsic times of all observers every- 
where have to be identical because the local atoms 
are absolute in relation to their environments, yet 
the epochs or origins from which these times are 
méasured in the various localities do not come 
into consideration at all, only intervals of time 
being concerned in the astronomical dynamics. It 
is this indetermination a priori of epochs, in 
conjunction with the absorption of all possible con- 
vections of local frames into simple invariance of 
the fourfold interval, that confers the requisite flexi- 
bility, permitting all the identical local reckonings 
of space and durations of time, of all observers 
everywhere in all ages, to be consolidated precisely 
within one wider auxiliary conglomerated fourfold 
scheme of mathematical representation. 

The course of an astronomer’s life, by the inter- 
pretation here advanced of the natural demand 
for relativity, works itself out of necessity under 
the sustaining local influences, is relative to his 
sub-permanent natural surroundings — this. being 
indeed a type of postulate already recognised in 
mathematical form for similar reasons in the more 
minute cosmos of the atomic theory of elastic 
bodies. Our astronomer thus cannot know whether 
his environment is careering through space or not ; 
that question must be meaningless to him, except 
so far as it is opened out by probable inference 
from the messages coming to his marvellously 
adapted sense of vision by light from the distant 
regions of the cosmos. In any case it is only his 
local smoothed-out frame of convenient reference, 
in which the occurrences that affect him are set, 
that can in any scheme of feasible simplicity thus 
be regarded as careering through space. He can 
and does construct his own Newtonian dynamical 
science of the motions observable within his local 
frame, often involving large relative velocities, 
even including local so-called centrifugal forces ; 
and he could do this effectively though with far 


more trouble without calling upon light at all, just — 


as if he and his associates were blind. Unless 
indeed the motion of the suitable local frame 


relative to adjacent permitted frames proves to be 
so erratic as to involve conspicuous differences of 
speed in its own adjacent parts, such as are called 
rotation: and then the remedy is to reduce the 
importance of the rotation, as can be done by 
increasing, by subdivision of frames, the fineness of 
the meshes of the analysis, so diminishing the 
extent of the local landscape which is the differential 
element, effectively uniform, with which a quasi- 
geometrical theory operates. Rotation of frames 
of reference, modifying velocities to an extent 
depending on the effective radius of the frame, 
appears on this view as a secondary and avoidable 
feature: in illustration, the rotation of the local 
element has added no term directly to the usual 
dynamical equations for a differential element of 
volume of a strained elastic solid. 

The fact that the Lorentz transformation has to 
relate to convection without rotation is thus not 
now a harmful restriction. Moreover, on our view 
the influence of rotation can in any case be confined 
within the local frames, for it can be taken to 
belong to the dynamics of the bodies in the frame 
and not to the frame itself: a law of centrifugal 
force need not now belong to an unlimited frame 
and so extend away in increasing intensity, to be 
compensated at infinity. The original Newtonian 
argument from a spinning bucket, or in equivalent 
actuality the Foucault pendulum or gyro-compass, 
can demonstrate with the aid of light that the 
relative invariant property expressing fixity of 
gyrostatic directions within the frame, which the 
internal local Newtonian dynamics involves and 
can discover locally in self-contained manner, does 
actually extend outside as far as the fixed stars, 
which thus prove to be included within the region 
of spatial extension over which the play of physical 
theory is effectively Newtonian or uniform. 

The directional fixations, unlike time, are thus - 
local, not absolute; and the relevant question is, 
how far does the frame, for which they can be taken 
practically to subsist, extend: thus removing an 
insistent but, like unbounded centrifugal force, an 
unnecessary absolute. Or conversely, if we adopt 
as the expression of the natural notion of relativity, 
this idea that the convenient frames of reference. 
of dynamics cannot be expected to extend uni- 
formly to infinity or further than they can be 
tested, it points naturally towards trying a variable 
continuum, in which indirectly, as one may even 
say, Einstein discovered a suitable symbolic repre- 
sentation for an invariant gravitation. On the 
other hand, our immediate personal domain of 
local dynamics of matter can be so small that 
optical relativity merges practically in Newtonian 
relativity, the delays and other complications of 
light becoming negligible : but there is nothing to 
exclude another wider uniform frame, regarded as 
flitting across it, whose contents may be when so 
desired referred to it instead of their own frame, 
by aid of the Lorentz transformation which con- 
serves the optical invariance all over it. This is 
the essential feature emphasised here, that the 
relations of pure relativity are concerned only with 
the specifications of localities in space and time, 
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and prescribe the modes of adjustment and con- 
tinuation of the group of the permissible local 
frames of reference: that the mutual dynamics of 
the masses existing in each local frame proceeds 
independently by Newtonian principles, if, as in 
Nature is actually the case, they arise in a landscape 
practically permanent as regards the larger features 
each within its own most convenient frame. 

For example, on this formulation of the natural 
notion of relativity, an astronomer will be under 
no temptation to undertake a violent journey 
through the cosmos in order “to return on the 
previous night ” as has been said and so rejuvenate 
the activities of his life, any more than he will be 
tempted to go to the antipodes in order to stand 
on his head. 

Only relations are directly accessible to our 
knowledge, and in this domain most conspicuously 
of all. No progress has yet been made, any more 
than in Newton’s day, in unravelling the essential 
nature of gravitation. No reason can be assigned 
why it is just as intense as we find it, or why it 
exists at all. What can be established by the 
Einsteinian verified predictions is that, being in 
some unknown way an essential feature of the 
physical universe, it does fall into line, as one had 
anticipated that it ought to do, with electro- 
dynamics and optics in obeying the principle of 
local relativity, the regional self-containedness of 
local material phenomena, as above elaborated. 


Dynamics IN A Two-DIMENSIONAL Cosmos. 


The analogy, and contrast, drawn from the 
Gaussian intrinsic geometry on a surface of vari- 
able curvgture, by which these beautiful recent 
developments in a fourfold mathematical theory 
of universal relations in space and time were doubt- 
less suggested, can be pushed a considerable way in 
this direction. We consider now not an individual 
explorer, but a whole population, whose activities 
are confined close to the surface on which they 
subsist, their thin cosmos of which alone they 
are conscious. Each community have. their local 
world of events occurring in their local landscape 
on this sheet, and may construct, with a view to 
express the orderly succession of these events, 
their own local science of dynamics and physics. 
This science is conveniently laid down for each of 
the groups within a local frame of reference, which 
is flat or Euclidean, and can be envisaged as a 
uniform reference-lattice of straight lines ; also in 
a local scale of time regarded abstractly as flowing 
uniformly, while determined practically by the 
prominent uniformities of recurrence in their pheno- 
mena. But when their region is extended too far, a 
misfit in their simple scheme rapidly develops ; for 
the surface of their activities curves round, as we 
outsiders know but the inhabitants do not. 

A theory of a wider cosmos cannot, however, 
arise at all unless the local populations possess some 
means of communication with one another. Let 
us consider a forest of threads stretched tight over 
their surface, and imagine that messages can be 
transmitted along them from each group to the 
others: these threads are so far the analogues of 


our suitable paths for transmission of rays of light, 
Without them, all these local frames of flat 
geometries and their related dynamics in natural 
time would subsist, but in isolation; without a 
very refined use of them there could be no kind of 
relation established between standard axes defining 
the expression of directions, in any two of the local 
regions, just as there is no overt relation between 
the epochs of the absolute times in our local 
regions also internally self-contained. But such 
inter-connexions can be worked up for them by 
constructing an auxiliary universal geodesic geo- 
metry (for example, spherical trigonometry) resting 
for its expression on the stretched threads, a 
conglomerate scheme which includes and also sums 
up all the local geometries. Though unbounded for 
them, it may even be restricted essentially, un- 
known to the inhabitants, to a finite, even possibly 
cyclic, domain as a complete frame for their cosmos, 
if the surface expressing our external, but to them 
abstract or symbolic and difficultly explorable, 
frame for the expression of their experiences closes 
up like an ellipsoid or solid ring: thereby relieving 
essentially the indetermination of the infinite. 
Their local plane geometries are here implied, that — 
is, are postulated, to be all identical in type and scale 
—also their local experiences to be of the same type 
and therefore the time in which they are naturally 
set—that is, they are absolute in their dynamics. 
This type of scheme involves, and is secured 
in its widest generality by, the analytic postu- 
late, after Gauss and Riemann, that the squared 
interval of length on their surface, expressible 
as a quadratic function of the differentials of 
any two functions defining any lattice of co- 
ordinate curves determining position on _ the 
surface, is transferable all over it without change of 
value after the manner of a terrestrial surveying 
chain, is in fact mathematically invariant and 
absolute. Yet really all that our present science 
of differential geometry is usually capable of deal- 
ing with is gradual transfer, explored step by step 
on the basis of local differential equations. Here the 
rays of light are more potent than the threads or the 
geometry, for they can translate directly a finite in- 
terval of time, expressed in absolute atomic periods, 
across an almost unlimited range in the cosmos. 
This is something beyond geometry, which 
imposes itself on the formal pseudo-geometric 
continuum determined by the postulated fourfold 
invariant interval. This latter, as already re- 
marked, is able to create the fourfold scheme, © 
because it can condense local frames, with all 
speeds of convection, within one element. How 
far this extraneous physical feature, the presence 
of light, tightens up the pseudo-geometric scheme 
we do not now stop to inquire; except to re- 
mark that it accentuates the absoluteness of 
time, as sui generis, already suggested and 
indeed provided for by the different sign of the 
relevant term in the expression for the quadratic 
interval itself. Nor will we consider the more 
recent ‘problem set by Weyl and Eddington and 
followed up by Einstein, which really is how far a 
much wider type of frame for events, imposing 
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only local relation between vector displacements 
of points, can be constructed so as to involve in 
itself, be consistent locally, and beyond by con- 
tinuation, with the different and more tangible 
kind of foundation provided by postulation of 
invariant intervals such as distance—for it would 
seem, as has been already remarked, to be too loosely 
hung together to be identical with a geometric frame 
even combined with an arbitrary electric field, 
though such frames may well subsist inside it. 


OTHER ELUCIDATIONS AND CONTRASTS. 


There may be some instruction also in an analogy 
of our Newtonian Absolute Time 7’ with the Kelvin 
Available Energy, A, in thermodynamics. At each 
temperature of a material system under discussion, 
intervals of A are measured as definite amounts of 
absolute energy ; which is in fact the essence of the 
perpetual-motion postulate of Carnot, there the 
analogue of the present one of a local absolute time. 
But in passing to a different temperature of the 
material system the origin or epoch of measurement 
of A has been lost, and it becomes necessary to 
include A as a feature in a wider auxiliary theory, 
introducing a new and universal formal quantity, 
the entropy of Clausius, in addition to energy and 
of different essence. But alternatively we can 
usually do without any such general scheme by 
relying, as is familiar in special problems, on 
special isolated cycles of change resting directly on 
the Carnot-Clausius principle, our general knowledge 
of Nature supplying the relevant foundation—just 
as here we might perhaps reason directly on the rela- 
tions between the local Newtonian frames instead of 
merging them in the one fourfold consolidation 
which their law of mutual correspondence permits. 

We may also perhaps illustrate in another 
different manner. The pseudo-spatial construct 
of Einstein-Minkowski has given us an inkling as 
to how the cosmos of discrete events in history 
may be laid out, as it would be present to the 
sensorium (to adopt Newton’s term) of a divinity 
who would have knowledge of all occurrences, but 
necessarily in an incoherent manner ; for coherence 
is foreign to direct awareness of the totality of 
things, being the compensation permitted to im- 
perfect knowledge, to some degree artificially and 
arbitrarily, by relating the succession of events in 
some kind of co-ordinated fourfold index, or frame, 
of reference. This gradual development of co- 
herence in the range of our experience in space 
and time, which is scientific method, must run 
into some calculus of representation, in this 
generalised problem provided by the multiple 
algebra of tensors. The mathematical theory, 
brilliant as it is, soon indicates that this consolidated 
point of view, apparently losing all distinction 
between past and future, would transcend human 
intellectual ability to develop, except in its very 
rudiments; at any rate until mankind have 
learned to deal with a formal pseudo-space in 
four dimensions with the same intuitive familiarity 
that they now cope with ordinary space in three 
dimensions. 

On the other hand, the actual science of 


astronomy is an affair not merely of going on 
“observing coincidences of point-events ’’ in the 
heavens, but of accumulation of coherent records 
extending over centuries, permanent human docu- 
ments in which all the new observations must find 
absolutely consistent places. There can be no 
science without memory and without records. For 
it to be humanly feasible to find out, for example, 
from minute discussion in the long-continued 
records, whether there really is a very small 
residue, unexplained by Newtonian theory, in the 
precession of the apse of the planet Mercury, must 
demand, if even only as a practical measure, some 
definite way of reckoning duration that is in- 
dependent of the accidents of place and time and 
motion of observers; just as the instinct of 
Newton briefly postulated. And when in the 
setting out of a timeless cosmic history in a fourfold 
transcendental scheme, our special human know- 
ledge, in space and time, acquired in: marvellous 
manner from the advance of optical science, that 
an atom say of hydrogen must be taken to be 
intrinsically the same whether it be in a seething 
star or on the earth, so is absolute, obtrudes itself 
into this hitherto merely abstract historical spread, 
and demands, what is indeed a very small fraction 
of what it involves, an absolute universal (New- 
tonian) time for itself in its own material environ- 
ment, determined by its own permanent vibrational 
properties, science must eagerly grasp at this 
revelation as in fact bringing the Promethean fire 
down from heaven, and rendering, as the philosophers 
say, human knowledge possible in this domain. 

If the present course of argument is valid, the 
essential proof hitherto that this inference from 
the absoluteness of the atoms is in fact the right 
one, is just the confirmation in actuality of the 
Einstein predictions as to the gravitational influence 
on light, especially on the period of vibration, 
which, as one has been forced to hold for the last 
four years, would otherwise rest on a foundation 
largely accidental. Without that direct astro- 
nomical verification, insistence nowadays on ab- 
solute local times might well seem an anachronism. 

If we could contemplate history like gods, 
looking equally before and after, generalised matter 
and energy might conceivably present themselves, 
as the elaborated mathematical representation in 
the fourfold implies, each as a tensor having as 
many as ten essential components: and they 
might be perhaps within limits identical and inter- 
changeable. But within the frame of structure of 
the absolute standard thought that is valid and 
exchangeable amongst the human race, there have 
been at length recognised these wonderful absolute 
atoms existing as matter in their own rights 
without any sign of ageing or decay, being still 
in Maxwell’s phrase “the foundation stones of 
the material universe’; and there has also been 
gradually acquired an idea of conserved energy 
which it has been useful to postulate as likewise 
universal and fundamental: and these two stand 
out as independent features of the foundations 
on which physical science builds ; though related 
by the circumstance that the electric field belonging 
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to an atom is proved mathematically to add to its 
inertia, otherwise naturally an absolute possession, 
by virtue of the energy of that field. 

When two atoms approach and, by overlap of 
their fields, release in the form of radiation some 
of these intrinsic field-energies then partially super- 
posed, a proportionate part of the inertia of the 
atoms goes away along with it, subtracted from 
their translational energies when the atoms become 
separated again unless indeed they have suffered 
permanent internal change in the process. This 
works out consistently : energy of electric activity, 
even of free radiation, carries inertia with it, and 
thus carries momentum too. But the assertion 
that the whole of the mass of an ultimate atom is 
energy would remain a barren though permissible * 
figure of speech, unless it means to assert a postulate 
that mass is somehow practically all separable 
electric and other field-mass arising from motional 
energy of merely formal nuclei with separable 
zthereal fields. This would compete with the 
idea of an electron as a field of static strain-energy 
essentially and irrevocably locked together around 
a centre. A development by Minimal Action, as 
indicated in what follows, can provide room for both 
kinds of mass, the intrinsic and the exchangeable, 
within the postulate of absoluteness of the atoms. 


GRAVITATION REMAINS UNEXPLAINED. 


The original case for the postulate that orbits 
are separately geodesic curves in the gravitational 
auxiliary fourfold was based, very forcefully, on 
the Newtonian identity of mass and weight, which 
otherwise remains a challenge, as an unexplained 
universal feature of matter. According to the 
marvellously precise results of Eétvés, working 
with his modification of the Michell-Cavendish 
torsion-balance, the force of gravity is found to be 
the same per unit inertial mass as exerted on all 
kinds of matter, this being actually verified beyond 
the order of 10-7 which is nearly as far as the order 
of the observed optical and electric relativities, 
namely 10-*. If we reason on the basis of the 
Faraday type of concept, thinking however of 
a pre-ordained unchanging field of gravitational 
activity, then a collection of bodies composed of 
various kinds of matter move down the field in 
company, though with acceleration, not separating 
if they start with the same speed, almost as if 
they drifted in a current of fluid. If this field of 
gravitation is interpreted as merely a warp in a 
frame of space and time, this would naturally be 
regarded as a modification of the inertia which 
makes every free body describe, after the manner 
of Newton’s First Law of Motion, on its own 
account alone, a representative path in a space- 
time auxiliary fourfold, determined by the purely 
quasi-geometrical property of minimal intrinsic 
quasi-length : and that is the gist of the geodesic 
postulate. But the other side of this consolidation 
of inertia with amenity to gravitation presents 
itself, when we reflect that a field of gravitation 
can vary, and so should have an assignable origin : 
which Newton found in an influence emanating from 


* But only up to the second order. 


all the masses in the field, yet of a type of exceed- 
ing simplicity functioning just as if it were simple 
attraction according to his inverse-square law. 

The Einstein mathematical theory can deter- 
mine, at any rate as here amended, by self- 
consistent algebra in an abstract space-time four- 
fold extension, as a domain symbolically enshrining 
paths and masses of the bodies, a warp which 
proves to be necessarily restricted to a special 
type—just what is needed to represent gravitation. 
It has still to assume, however, after Newton and 
without explanation, that the mass which operates 
in this different function, that of creating the field, 
also is identical with the inertia mass. One may 
indeed reply that the geodesic postulate says 
nothing about mass: but it does determine a 
track along which the entity that determines the 
gravitational warp of the fourfold continuum is 
distributed, much as a magnetic field is determined 
by the tracks of electric currents,—a track which 
as above cannot be both direct cause and direct 
effect. 

Though indeed the direct astronomical evidence 
to verify this identity of attracting mass with 
inertial mass may not as. yet be very exact, the 
principle reposes firmly on a basis of its own, 
different from that of the Newton-Eétvés result ; 
namely Newton’s consideration that the accelerat- 
ing influences between two masses rigidly con- 
nected together must be exactly balanced if 
motion is not to increase spontaneously without 
limit and so destroy any steady order of Nature. 
The argument from Eétvés carries only part of the 
way: this Newtonian doctrine of conservation of 
momentum is essential as well. But the latter is 
mutual dynamics of bodies, rather than geodesic 
geometry of an isolated track in a warped pseudo- 
space. It involves mutual relation between all the 
bodies in the field, bodies which also create the 
field: and this concurs with the previous conclu- 
sion that the path of each single body can hardly 
be regarded, except by an argument moving round 
in a circle, as a minimal inertial track in a con- 
tinuum which that track itself has a share in 
modifying or even creating. 

A study, in the light of this point of view, of the 
crisp exposition of principles in the first four 
sections of Einstein’s earliest formal exposition of 
1916 shows how easily it could have been turned 
round into the present direction. His ‘ natural ’ 
or absolute time, here adapted into the forefront 
of physical theory, is there practically put away in 
favour of a fourfold variable, transcending space 
and time,® and necessary to the auxiliary algebraic 
tensor theory, which is no more time than entropy 
is energy. It was natural in advance to presume 
that the symbolic path of a body, at any rate of an 
infinitesimal particle, was expressible as a minimal 
inertial track as if in a pre-determined continuum, 
until it appears as here maintained that this could 
not conform to actual gravitation as one mutual 
force between two bodies. 

* It seems to have imposed itself originally in a very interesting 
exploring discussion, ‘on the influence of gravitation on light,’ Ann. 


der Physik (1911), §3, English translation, p. 105, prior to the opening 
out of the general problem. 
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The discipline known as the mathematical 
theory of relativity would on the present view 
become a condensed census of the mutual necessary 
relations of the group of permitted frames of 
reference, in which investigators variously situated 
in space, time, and motion may conveniently and 
consistently formulate the physics of the local 
worlds, of infinite variety, to which they belong : 
but the cosmos is far more than its frame or even 
than our most far-reaching yet still superficial 
analysis of it within that frame. 

It is a modified Newtonian physical foundation 
that has here been summarily set out. After all, 
if the present view justifies itself, it will be no 
derogation to the brilliant scheme of mathematical 
co-ordination of the general relations of gravita- 
tional and electric fields worked out by Einstein, and 
indeed not pressed by him (originally at any rate) to 
any transcendental issues. And on any view we 
have to admit that gravitation, like the great bulk of 
therational exact principles of uniformity discovered 
by science in Nature, physical and biological, still 
in essence continues to lie beyond our scrutiny. 


RELATION OF ABSOLUTE TIME TO THE AUXILIARY 
FourFoLD HyPERcosMos. 


It is becoming widely recognised—it seems now 
to be Einstein’s own considered opinion—that an 
absolute transferable interval of space-time, the 
analogue of a universal measuring chain, cannot be 
avoided, however eager be the quest for an uncon- 
ditional relativity of physical knowledge. It is 
here maintained that the difference in sign gives 
the time-element a footing independent from space 
in that symbolic absolute interval: in a sort of 
analogy to this, the general fourfold invariant 
tensor has been recognised recently as involving 
fundamentally, for the abstract relativity theory, 
two independent tensor data, a symmetric one and a 
skew one. When absolute time is thus taken out, the 
remaining part of the interval, giving the foundation 
for spatial determinations, is to be associated with an 
absolute lattice-frame locally uniform or Euclidean. 

The pseudo-spatial auxiliary fourfold continuum 
of Einstein is made up by fitting together, so to 
say by dovetailing, the sub-groups consisting of 
all the local convected frames of reference (frames 
of inertia) which are suitable to enshrine the 
local Newtonian dynamics of ordinary experience 
belonging to the various environments in the cosmos. 
These variously convected local frames of refer- 
ence, adapted for each domain of experience, but 
all condensed into one element in the auxiliary 
fourfold, which is effectively differential in the 
sense of differential geometry, may be presumed, in 
the search for a locus for gravitation, not to fit 
together into one universal group symbolically 
extending over the whole fourfold pseudo-space, 
without some straining of each of them, such as 
would cumulate sensible effects at places further 
removed from the centres of their localities. An 
essential feature is that this warping is here put 
on the frame, in preference to an equivalent 
warping of the laws of the local Newtonian dynamics 
that the frame enshrines. It is now well recognised 


that it might be put on either: the frame might be 
taken to be absolutely uniform throughout the 
universe, at the cost of complicating the expression 
of the experience formulated within it. 

The essence of relativity as a practical proposition 
is that a scheme of knowledge is relative to some 
suitable frame of reference: it may be a matter 
of facility of exposition how much of universal 
relations is put into the frame, and how much is 
treated as belonging to the local dynamics of the 
system of bodies whose phenomena are referred to 
that frame. This is the key to the present treat- 
ment : everywhere there is the convenient frame of 
reference: it is relative to that basic frame, not 
to one another, that the local events are most 
simply and concisely expressed : such local frames, 
convenient and practically indispensable, have to 
be grouped together, consolidated into one com- 
pound scheme in order that scientific knowledge 
gained in the locality, in space and time, of one of 
them should be transferable into the localities of 
the others. That becomes possible, because all 
local frames, however differently convected, can 
be consolidated within one element of the fourfold 
by the Lorentz transformation, so that, the con- 
vections being thus disposed of, only space-time 
distributions remain to be fitted together, by strain 
if that proves to be necessary for the convenient 
expression of Nature. 

The choice, however, of the local frames has 
here developed into more than a matter of con- 
venience. The thorough absoluteness of the 
symbolic Einsteinian interval, involving, as here. 
asserted, absolute time as well as a universal 
measuring chain for all local spaces, now working 
in concert with the marvellous practical instrument 
we have come to possess for exploring material 
systems far, outside our own dynamical environ- 
ment, allows us not indeed to envisage directly 
the universal symbolic composite frame which 
subsumes all the actual local ones, but to carry 
through experimental tests for the formal validity 
of any attractive mathematical representation 
thereof that we may be able to contrive. The 
rays of light enable us cctually to transfer directly 
the intervals of ¢, one of the fourfold auxiliary set 
of co-ordinates in this composite universal frame, 
being that one which is more specially related to 
time, from one part of the universe to another. 

The differentials (d¢) of this co-ordinate that are 
associated with the ray-pulsations stand locally 
in connexion with intervals of absolute time (57’) 
which are intrinsic for all environments, by a 
relation that may involve local gravitation among 
other things: it is the spectrometer that can 
provide the test whether this constructive process 
for communication with distant systems is in 
actuality verified,—and that in a way that Newton 
could hardly even have imagined. First the 
absolute period of vibration (A7’) of the solar 
hydrogen atom is to be transferred into an 
equivalent interval «At (=A7') in the universal 
auxiliary co-ordinate ¢ of the minimised fourfold ; 
then the very same absolute period, namely A7’, 
of a terrestrial hydrogen atom may be observed, 
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and also can be transferred into the equivalent 
interval «’At’ expressed in this co-ordinate t by 
the ratio x’ appropriate to terrestrial instead of 
solar environment; thus giving «At=«’At’. As 
it is the auxiliary period At that is transmitted 
by undulation along the ray and received into the 
spectrometer, that instrument functions as if it 
were measuring directly two different actual 
periods AT'/x and AT/«x’. For vibrating atoms at 
rest in the solar frame «x =(1 —2V,/c?)* where V, is 
the gravitational potential of the sun: for a 
terrestrial atom «’ is practically unity. This agrees 
with the Einstein prolongation, now only apparent 
not intrinsic, of the periods of the solar radiation. 
If the atom were moving with speed v in the solar 
frame of reference, instead of being at rest, the 
Lorentz transformation as infra would seem to im- 
pose another factor «~? or 1 — }v2/c?, on the period, 
which is in the opposite direction but wholly 
swamped by the Doppler effect. 

This feature, that every interval At is conveyed 
without change all along the representative ray- 
path of the auxiliary fourfold, is based on the 
nature of the undulation along a ray; it rests in 
theory on the circumstance that the electrodynamic 
optical equations, as transferred into the invariant 
form inherent in this composite fourfold (xyzt), are 
satisfied in undulatory manner, not exactly but 
to adequate approximation, by making the variable 
t enter in the expression of the solutions only 
through a universal periodic factor e™. It is 
the absoluteness of the hydrogen or other atom, 
steadily maintained through all vicissitudes of 
place and motion even doubtless of acceleration 
of its environment, referred to its own frame that 
accompanies it, for which internally the translatory 
motion means nothing, that provides a universal 
natural measure of an absolute flux of time 7, 
namely that of any one of its intrinsic types of 
vibration: it is the spectrometer alone that in 
quite recent times has become available to extend 
our local dynamical experience practically and 
directly into a universal scheme of intervals of 
time everywhere absolute, such as is involved 
symbolically in the universality of the Einstein 
space-time measuring interval. 

In terms of universal Newtonian time thus 
acquired, the permanent results of astronomy 
have to be expressed : for its accumulated records 
must be in accord with the local measuring 
appliances, pendulums, gyrostats, marks of local 
direction, position, etc., on which observers wher- 
ever they be in space and time and however 
convected have to rely. This postulate of local 
frames of reference in space and time, enshrining 
their material dynamical contents, everywhere 
Newtonian and absolutely identical just because 
dead matter and its manifestations are presumed 
to be identical in type everywhere, is already 
latent in the preconception of a continuous differen- 
tial geometry applicable to the fourfold: that 
the frames can be thus consolidated therein, 
conveniently and manageably to sufficient ap- 
proximation, along mathematical methods such 
as the one that Einstein has opened out, is from 


the present point of view consistent with our 
fundamental requirement that as knowledge proves 
to be possible and enduring, the modes of its acquisi- 
tion and record by all potential observers of natural 
phenomena, however variously situated in the cos- 
mos, must be consistent among themselves. 


THEORETICAL COHERENCE IS ENSURED UNDER 
Least ACTION. 


It remains to indicate briefly how these ideas 
modify essentially the mathematical analysis and 
its interpretation, without unduly disturbing 
Einstein’s famous three tests, postponing for the 
present other issues that incidentally arise. 

We base the whole development, after Einstein, 
Hilbert, and Lorentz, and recently Whittaker who 
has attempted a striking electrodynamic generalisa- 
tion, with ideal security and simplicity, on one 
invariant scalar integral, extended over the four- 
fold conglomerated representative continuum in 
which the symbolic history, past and future, of the 
cosmos is spread out, namely, 

A=|(@+L+))dr. 

That integral is the closest available analogue, in 
this mixed (xyzt) continuum, of the Action integral 
of Lagrange and Green framed in ordinary space 
with independent time, as applied to develop the 
laws of undulatory disturbance whether in a con- 
tinuous elastic material body or in an exthereal 
optical medium. Here L is the analogue of the 
Action-density of the elastic or electric field; A 
is a constant which may be needed to satisfy the 
restrictions of our point of view, the analogue of a 
pressure which was familiar in early optical theory 
as necessary to adjust across an interface undula- 
tions purely transverse like those of light, occurring 
in a medium supposed to be incompressible ; G 
is a multiple of the Riemann scalar curvature- 
invariant which confers just the suitable intrinsic 
freedom when the basic fourfold is now contem- 
plated after Einstein as non-uniform, while its 
element of extension dz then involves the familiar 
scalar factor 4/9. 

This formulation of a compound Action-density, 
which is to become expressive of universal dynami- 
cal history, is first to be minimised as regards its 
distribution, with reference to variation of structure 
of the fourfold pseudo-space, as in the end con- 
trolled by its material contents expressed symbolic- 
ally by their historic tracks therein. This varia- 
tion leads to structural differential equations of 
that fourfold, thus conferring on it a definite 
character of the Riemannian geometric type. 
Within the pseudo-spatial connecting structure 
thus established, the Action can now be integrated 
by parts, leading to boundary terms along with a 
different spatial integral: it may be that the 
spatial integral vanishes, and this will occur under 
quadratic conditions. The boundary for such 
integration in the fourfold consists, in an atomic 
theory, of the surfaces of very thin filaments 
enclosing the historic tracks of the atoms and 
electrons which alone are out of bounds: the 


boundary integral is reducible practically to line- 
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integrations along those tracks. The Action A 
may thus, on account of the structure of the field 
as already settled by its own variation, be express- 
ible as made up of parts associated with the material 
system alone as represented by the historic tracks 
of the atoms or finite masses. It is now to be 
further minimised’ with respect to variation of 
these historic tracks, that is, of the representation 
of the history of matter: that will lead to the 
expression, suitable to the fourfold, of the dynamical 
equations of interaction of the atoms, in fact to 
a symbolic dynamics of the matter that is present in 
the field, now latent, which itself arises from that 
matter as nuclei or mathematical singularities of 
suitable type, in accordance with the laws deter- 
mined by the previous variation in the field itself : 
all this mutual complexity being held firmly in 
check by its origin from a single Action formula. 


THE GUIDANCE OF CLassicaAL ELECTRIC THEORY. 
This process is directly suggested, and has even 
been guided, by cognate Maxwellian electric theory :* 
the special case of a system of linear electric currents 
in space affords a close analogue of the historic 
linear tracks of atoms. In that theory the 
energy of the currents—there a kinetic part 7 
and a potential part W—is postulated to reside, 
possibly as strain and motion, in the dynamical 
field of the interconnecting medium or ether. 
An Action-density Z in this medium, or kinetic 
potential —L, is formulated analytically, being 
equal to T7-W. The Action jLdr’dt, dr’ being 
spatial, thus expressed by local elements, is 
minimised over all the field, thereby adjusting 
the electrodynamic field to a coherent structure, 
presented in the form of its Maxwellian absolute 
circuital equations. With this field-structure, so 
determined, the energy, and the Action, become 
condensible into expressions in terms of the currents 
alone that are the sources of the field, in the form of 
line-integrals involving their circuits: the result 
as regards the kinetic part is represented by F. 
Neumann’s energy formula, on Amperean lines, for 
linear currents in terms of the ancient current 
elements such as :ds, namely a mutual energy 


=> | cos (ds,ds,). 


Incidentally and more precisely, when the current 
is expressed in ultimate form as made up of 
electrons, the complete Action, as it has now to be, 
in form suitable to the fourfold, is 


1 

+ e,dz,e,dz, —c*e,e,dt,dt,) ; 
for this form is invariant (except in one feature as 
regards r,, which leads to a different story that 
would now carry us too far) and involves the two 
sets of independent variables (x,y,z,t,) and (2,y,2,t,) 
in the fourfold, expressing position of each pair 
of interacting electrons but not any one universal 


7 This is not the procedure for determining actual orbits in space and 
time. This reduced Action has the requisite invariance, from its mode 
of formation: and it can now be transferred from the timeless fourfold 
into a frame in space and time as infra, when it bécomes the ordinary 
oe Action of the planetary system as referred in space and time 

at frame. 

5 Cf. “ Ether and Matter” (1900), Ch. vi, especially §§ 56-9, 


time ¢. Reverting to Maxwellian theory, the 
forces between the bodies carrying the electric 
currents are then determined by further variation 
applied to the Neumann formula, now with respect 
to change of form of their circuits, in time, by 
variation with respect to position without further 
reference to the field, still in the background but 
already previously settled : and that in fact con- 
stitutes the Neumann energy-theory. If we wish 
to avoid specifications in terms of any concept of 
mutual forces, this process of minimising a scalar 
Action by variation can lead direct to the complete 
set of equations of motion of the conductors that 
carry the currents. ‘ 

One essential point the analogy brings out 
prominently. It will not do, after Hilbert and 
most writers on this subject, merely to add some 
suitable invariant form of line-integral to the field 
Action A in order to express the interactions of the 
material atoms. The Faraday-Maxwell doctrine 
is that the energy, or in complete general dynamics 
the invariant Action, all resides in the field, there 
being no other; coherently, in that the field 
adjusts itself minimally to laws that permit this 
energy, other than free energy expressed as radia- 
tion, to be associated permanently with its sources, 
the atoms or electrons constituting the currents, 
and thus to be treated as belonging to them. 

We have to determine what form the corre- 
sponding generalised Action, thus reduced to 
material form, ought to take in the fourfold 
problem. The Neumann formula suggests a double 
integral extended along each pair of the circuits 
or historic tracks. Under certain limitations (now 
postponed) it is reducible to a single integral, 
analogous to the Maxwellian kinetic form involving 
the electric potential (YGHV), namely 

e,(F dx, + G,dy, + H,dz, —c?V,dt), 
involving with Maxwell dt not dt,. There arises 
also naturally here, in regard to the fourfold, a 
local part deriving from mutual activities of the 
nature of self-induction between the sub-filaments 
of the cylinder-track of the moving electron, which 
adds a term p,ds,, where », is a constant ex- 
pressive of the familiar electric inertia ; this part 
is directly suggestive of the modified Einsteinian 
intrinsic inertial form now to be introduced, to 
which an electric part like the above is to be added 
as the reduced expression of electrodynamics. 


PREviouS ANALYSIS BY ACTION REVEALED 
DiscREPANCY WITH Fact. 

In the previous effort towards this type of 
gravitational theory, already referred to (Phil. 
Mag., Jan. 1923), a linear form of integral was 
assumed for this reduced Action, as being the 
nearest analogue of the Einstein geodesic form 
which connects itself so readily with dynamical 
orbits. This restricted the choice to the only 
available type of invariant linear form, which is 

A=*| -cm,ds, ; 
where locally in each frame ds? reduces by suitable 
change of co-ordinates to the absolute intrinsic 
standard form c2dT? —dco? where du? is Euclidean, 
while all over the fourfold it is expressed con- 
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tinuously in terms of universal co-ordinates by an 
invariant quadratic differential. 

We now introduce the Schwarzschild expression 
for the spatial-gravitational field as modified by the 
symbolic track of a mass m moving with changes 
of its speed restricted to be very slow compared 
with the velocity of light, namely 

Or better for the problem of several interacting 
planets, the earlier but less exact Einstein expression 

km km* 
ds? =c*(1 (i + + dy* +dz*), 

which is spatially isotropic and so adapted to 
superposition of disturbing infiuences. Our direct 
immediate concern is the question whether, in 
order to express gravitation within the scheme if 
that proves to be possible, k must be identified 
with its absolute constant y, or with 2y, the 
first alternative halving the gravitational effects 
on light as originally predicted. With sufficient 
accuracy for this purpose we have for the field 
of a system of planets the collective isotropic form 


km km,\v,? \* 

dx? dy? dz* 


from which by further approximation in which the 
square root is expanded, keeping only the most im- 
portant terms, we obtain forthe Action theexpression 


A= + ) + constant. 


Now compare this with the ordinary dynamical 
Action from which by itself alone the entire 
system of equations of motion of any planetary 
astronomical system is derivable, namely, 


ap 
where JV, is the gravitational potential of the other 
masses at m,. The former expression involves a 
plurality of independent co-ordinates t, as free 
variables, one belonging to each body on its 
historic track ; the latter has the one time-variable 
t. The former variables must somehow be reduced 
to a single one, in order to be expressive of the 
progress of history from stage to stage.® In 
default of anything better, we previously, following 
the usual tacitly adopted course, simply substituted 
the same dt for each of these independent differen- 
tials dt, ; as the result we had 
A= + -m,V,)- 

On that pure assumption it proves to be possible 
to establish the necessary agreement between A 
and A’, merely by equating k to y: whereas the 
geodesic postulate that each orbit is determined 
by itself alone from its own equation 4é{ds,=0, 
with the same identification of dt, with dt, would 
obviously, with Einstein, make k equal to 2y. 

Thus by use of the single invariant mutual 
Action, instead of the plurality of geodesic forms 


* It is just the negation of this consideraticn that has led to deposing 
time into an accident of place and motion, and so to abolishing history. 


which as we hold are only spuriously invariant, 
both optical effects of gravitation were, on adoptin 
perforce the usual procedure, reduced to half their 
observed values. 

The weak link in the argument was recognised 
at the time, and has been already here sharply 
indicated. As nothing better suggested itself, the 
usual course was followed by replacing the in- 
dependent co-ordinates ¢,, t,, . . . expressive in 
part of the positions of the bodies on their tracks 
in the fourfold, by one universal time-variable t. 
In another aspect, instead of conducting a general 
variation of position in the fourfold, it was restricted 
to displacements confined to hypersurfaces trans- 
verse to ¢; which is not an invariant or intrinsic 
process, because ¢ may belong to any slicing 
whatever of the fourfold. 


NEWTONIAN TIME NOW INTRODUCED. 


We now claim to be in a position to do better, as 
the Newtonian absolute time 7’ has been acquired. 
The ¢, is the variable of the type of time that is 
appropriate to the material system m, referred to 
the convenient frame of our problem in which all 
the local systems are taken as moving, this one with 
velocity v,. It can be placed in relation to T, 
which is the time-variable appropriate to its own 
frame, changing relative to the others, in which m, 
is always at rest, by a Lorentz transformation 
expressed at each stage, if x, is taken for brevity 
along v,, by equations of type (‘‘ Aither and 
Matter ”’ (1900), p. 174: Lorentz, Proc. Amsterdam 
Acad. (1904): Einstein, Ann. der Physik (1905)) 


Here, now introducing subscripts, 6X,, 67’ belong 
to the particular planet’s own frame, 6z,, dt, belong 
for each planet to the solar frame to which the 
motions of all the planets have to be referred in a 
theory which includes them all. It is the transfer 
from 6t, to the universal 57’, which is none other 
than the (reversed) familiar very slight relativity 
shrinkage of time, of order 10-8, that rises to be an 
essential feature for orbits because 6¢ always occurs 
with a factor c. The transfer is effected by the 
relation ét,=«,~*s7'; provided we can ignore the 
addition -—v,/c?.éx, to ét, in the formula, which 
expresses a change of epoch of 7' with locality 
analogous in Lorentz’s striking comparison to 
change in civil terrestrial time for different longi- 
tudes. If our local standard frame of inertia, that 
is, such that dynamics of its material content is 
practically uniform and Newtonian, is not of too 
great extent, this omission makes no practical 
difference: the theory has however to remain 
approximate, though abundantly covering actuality, 
in this as in other respects, leaving the practical 
issues for systems involving speeds of a higher order 
than planetary still a riddle. 

We can now introduce into the Action this 
unique absolute time 7’ as subsisting intrinsically 
within every moving system m,. But it may still 
be objected that ¢, as usually introduced in place of 
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t,, t, . . . could be regarded as the absolute time 
on the sun, to which the motions of all the planets 
are thereby referred. This remark may suggest a 
contradiction in our processes : but it is removed by 
reflecting that though 7’ is measured in the same 
unit on the sun and on a planet, being absolute, 
yet it is measured from different epochs, which we 
cannot specify, and which do not keep constant 
for the succession of elements of 7’ because the 
planet’s own frame of T' is continually changing 
relative to that of the sun. The only 67’ that is 
a continuous differential of a function 7’, for the 
environment of the planet in which the process of 
variation is carried through, is by Newtonian 
postulation that one which constantly belongs to 
it, with its optically vibrating atoms, when referred 
to a frame continuously carried along as part of 
itself. It is this 7’ that is the unambiguous 
cumulating time of the records of the astronomers, 
who work each in his own essential local landscape 
in which, as in all others, it inheres. 

Reverting after these explanations to our analy- 
sis, by a simple substitution for dé? within the 
radical, we now have immediately, using isotropic 
forms for ds*, with sufficient approximation 1° 

km, 2 4 

as dt,=(1-"% do,?=dx,2 +dy,2 +dz,2=»,2dT?, 


the product terms of higher order under the radical 
in A now, be it noted, cancelling out. Comparison 
with the Newtonian Action now restores k to the 
value 2y as with Einstein ; but the result may still 
differ (see, however, footnote infra) by second order 
terms from the Newtonian ‘Action in a way which 
might affect sensibly the secular advances of the 
perihelia of the planets. 

We claim in fact to.have discovered how to 
transfer, with sufficient approximation, the reduced 
form of Action, constructed in the conglomerated 
fourfold in order to secure the requisite invariance, 
into the solar frame in space and time of the 
planets, which is competent to contain it and will 
lead to the development of dynamical astronomy 
by further variation in the usual manner with 
respect to the planetary positions. 

Introduction of the factor transforming from the 
co-ordinate dt, to a universal time d7’ has thus 
affected the kinetic energy of each body as it 
occurs in the reduced integrand of the Action with 
a factor 2, together with minor changes: and to 
restore large-scale agreement with the astronomical 
Action A’ the potential energy has to be affected 
with the same factor, which requires us to make k 
equal to 2y instead of y. This new inconvenient 
common factor 2 would then be absorbed by amend- 
ing the original Action form to A = >{ —4cm,ds,, a 
change that will presently prove to be essential as 
regards the relation of mass to energy. 


10 Tf a track p is regarded as made up of filaments which influence 
one another the summation Skmz/c*rp, ought to be increased by a 
constant kp which is a sort of gravitational self-induction like that of 
an electric current on itself. This would function as a field-addition 
to mass, did it not cancel out as occurring in two places with opposite 
signs: there is no field-inertia of gravitation. 


But a point arises here that demands close 
scrutiny, as it may be a main source of obscurity. 
Reduced to standard local form the transferable 
invariant ds is expressed by ds* =c*dt? —dv?; as ds 
is thus cdt for a frame in which the do? of a track 
locally vanishes, it has been customary in the 
theory to call c-1ds standard time. If this is 
meant to be the same d7' as the present interval 
of absolute time, it involves the relation 


aT =c-ds = (i -5) 


whereas our present result, derived from an im- 
mediate comparison of frames, is the direct 
opposite one, dt=«-4d7'. The justification for it 
is, briefly, that the Minkowskian fourfold deter- 
mined by invariance of ds is not a frame of refer- 
ence for matter in motion ; its element of extension 
is rather a complex of local frames with all speeds of 
convection. Neither matter nor motion is discern- 
ible within the fourfold : it is on the present view 
a necessary consolidation of the relations of the 
permitted (locally inertial) frames, in any one of 
which the actual world can be framed as bodies in 
motion. But it bears traces of this composite origin, 
from groups of local frames with all possible motions 
of convection, in the historic tracks which are in- 
directly symbolic of the movement of bodies as ex- 
hibited in any of the merged constituent frames. 

» The c—ds, though it has been called standard 
time, has nothing to do with any moving material 
system: it is to the local material system itself 
in its own frame, as the essential datum, not 
to any or all of the other extraneous permitted 
frames of reference in their various convections 
relative to it, that the absolute time belongs. 
Though perhaps a relation between the epochs of 
T in two local systems is determinable ideally by 
counting the alternations in ¢ along the undulatory 
ray connecting them, yet as time progresses the 
ray rapidly changes owing to their motions and 
no practicable relation could ensue. Or, expressed 
differently, the frame of the planet is constantly 
changing relative to the solar frame, which prevents 
a steady difference of time-epochs between their 
frames. 

- When we come, however, to determine the 
deflection of a ray passing near the sun it is the 
spatial gravitational field adjacent to the sun with 
which we are concerned. Referring the rays to 
the frame of the sun, the electrodynamic theory 
shows that the coefficient of dé? in the expression 
for ds* expresses with adequate approximation the 
square of velocity of light near the sun, while 
the curvature of the ray is by Huygens’ principle 
the local gradient of velocity along its normal." 
Thus the Einstein deduction for the deviation of the 
ray holds good with his coefficient 2y as now re- 
stored, but on a different foundation, in place of y. 


RELATION OF ELEctTRIc Mass To ENERGY 
DEMANDS NEWTONIAN TIME. 


The point has not yet been considered that the 
time-like co-ordinate ¢ in the fourfold is not unique ; 
for it is one of the impressive features in general 
relativity-theory that any mode of slicing of the 

11 This needs closer elucidation, now postponed. 
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hypercosmic fourfold may equally well express it. 
But what we are concerned with in our actual 
approximations is the simplified case which Levi- 
Civita has called Einsteinian statics, in which ds? 
involves no products of dt with other differentials : 
the ambitions of the wider abstract theory are 
scarcely practicable, and may be excessive. The 
motions of all local systems which have speeds 
small compared with light are then represented 
by historic tracks, now in a real (x, y, z, ct) fourfold, 
which are almost parallel: and the co-ordinates 
t,, t,,... of the various systems are suitably 
measured along some direction for ¢ nearly parallel 
to them all. It is this simplification which makes 
an approximate development of the fourfold scheme 
practicable for actual astronomy, while leaving its 
relations to actuality unsolved for higher speeds. 
It will be noted that in circumstances where the 
gravitational potential is negligible, the direct 
inertial part of the Action, as now expressed by 


A=... 
where ds, =cdt,(1 at, = ( 
becomes A=... as, 


=... + | {const. +Xdm,v,3dT, 


when each system is referred to its own intrinsic 
absolute time ; thus indicating that essential mass 
of an atom, as distinct from inertia derived from 
an attached field to some degree separable, is an 
intrinsic constant m, unaffected by its relation 
to frames of reference, as naturally it ought to 
be.22 It would only be electric field-mass that is 
affected by its velocity in the frame, being related 
to field-energy relative to the frame. 

Moreover the latter relation, fundamental though 
it be, is not substantiated at all except on the 
present Newtonian scheme. For an electric system 
it is common ground that the relevant reduced 
Action, of fourfold invariant type, must be of form, 
again with the new adjusting factor 4, 
42e,|(F,dz, + G,dy, + H,dz, -c*V,dt,), 
where F, = Vy 

For a static electric system it is thus, closely, 
—4/>c*e,V,dt,, becoming — | Wdt, 

where W is its electrostatic energy, when all its 

electrons are travelling together so that ¢, is the 

same for all. On introducing Newtonian time, 

but not otherwise, this is 


| a7, 
which is the familiar form of Action indicative of 
varying inertia according to a law which makes 
the energy W(1-v*/c?)-+, thus showing its depend- 


ence on the translatory motion. For example, to 
our second order of approximation this Action is 


indicating an increase of inertia of amount W/c?. 


12 Tn a field of large uniform gravitational potential V» an increase of 
inertia of mp depending on V p/c* is simulated: but that point of view is 
eonfused. The Action is the sole arbiter, which here determines the 
total result of the field as orbital motions. 


CoNCLUSION. 


The conservation of Newtonian absolute time 
for local material systems, as supplied by their 
intrinsic vibrating atoms of matter, within the 
Einstein mathematical method of fitting the 
existence of gravitation into the optical relativity, 
has thus led to his value of the displacement of 
spectral lines, also as we have seen to his value 
for the ray-deflection, but not to his result for the 
precessions of planetary perihelia.™ 

It is noticeable how little use of the mathematical 
tensor theory is required for the general argument 
on the scope of relativity: it here provides only 
the form of ds* for the gravitational field within 
the solar system, as affected by each mass that is 
present, and that form is required only to a rough 
approximation, in order to identify a representation 
ot gravitation within the formulation by ds? of 
the invariant fourfold, though closer calculation 
is necessary in order to determine the deflection of 
actual raysand the precessions of planetary perihelia. 

Finally it will be observed that the present 
scheme has to be throughout an approximate one, 
leading as is claimed in a natural manner to the 
two optical effects of gravitation as now widely 
accepted. It works with frames of ordinary space 
and time, correlated in an auxiliary mathematical 
fourfold. It may be regarded as the continuation 
of the previous approximate scheme of electric 
equivalence of frames, of long ago, “ Auther and 
Matter ’’ (1900), Chapters vi, xi, which at that date 
covered adequately all the verified facts of optical 
and electrodynamic relativity, and justified the 
postulate of its universal validity at any rate up 
to the second order: without noticing, however, 
as Lorentz afterwards discovered by an equivalent 
independent electrodynamic formulation, that the 
formule on which it was based are obviously 
valid without approximation for the Maxwellian 
field ; though valid only problematically, if at all, 
within the domains of the atoms, except to the 
second order of approximation there regarded as 
imposed on that account. The hypothesis of 
unrestricted exactness, regardless of structure in 
the atoms, has eventuated in wide and profound 
formulations towards hypercosmic schemes, which 
constitute the modern mathematical theory of 
relativity. The physical interpretations here ad- 
vanced rest of course on the most brilliant 
Einsteinian fourfold device for involving gravitation 
within optical local relativity ; that seems to have 
now become justified,—but as here urged when it 
is reconstructed into more consistent and New- 
tonian setting—by the astronomical tests, as the 
right type of mathematical formulation ; in con- 
trast with modes, one for example making use of 
a scalar gravitational potential in the fourfold, that 
might otherwise be in competition with it. 

13 When the approximation to the reduced Action for the Sun-Mercury 
system is carried to the second order, it appears that its form comes out 
of the type of the Newtonian Action for an elliptic orbit. If this is 
confirmed, then on the present theory there would be no influence on 
the secular progress of the perihelion: which, amid the astronomical 
complications, and in facé of the smallness of the outstanding residue, 


can scarcely now be regarded as an unsatisfactory conclusion. The masses 
have to be predominantly intrinsic, as in the text, 
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Tyndall’s Experiments on Magne-crystallic Action.! 
By Sir Brace, K.B.E., F.R.S. 


7 1845, Faraday made the surprising discovery 
that the vast majority of substances, not 


FarapDAy’s First OBSERVATION OF 
DIAMAGNETISM. 


merely iron, nickel, and cobalt, are affected by a 
magnet: and showed also that the action is re- 
pulsive quite as often as attractive. Faraday’s 
results excited the greatest interest and were the 
starting-point for many other researches. In fact, 
they paved the way for the work of Thomson and 
Maxwell, who came thereby to the establishment 


On Sept. 13, 1845, Faraday made one of his most 
important discoveries, that of a relation between 
magnetism and light. He found that when plane 
polarised light was made to traverse a piece of his 
‘heavy glass,’ a borosilicate of lead, in a direction 
coinciding with that of lines of magnetic force, the 
plane of polarisation was rotated. He had thus 


of the laws of electromagnetism. 
Among the many workers who 
followed Faraday was Tyndall, 
who made certain interesting dis- 
coveries relating to the behaviour 
of crystals in the magnetic field. 

A very lively discussion sprang 
up as to the mode of interpreta- 
tion of the new discoveries, par- 
ticularly that of the so-called 
diamagnetism. On one _ hand, 
Faraday was satisfied that he could 
describe them in terms of his ‘lines 
of force’: the majority, including 
Tyndall, referred everything to the 


Ay 


Fig. 1.—The above figure and a few lines of explanation are photographed sin 
Faraday’s original notes. 


existence of poles, magnetic and dia- 

magnetic. Tyndall’s experimental work, and the 
consequences which he drew from it, were devoted 
to the support of these views. When Faraday’s 
conceptions prevailed it became clear that Tyndall’s 
interpretation of his own experiments must have 
been incorrect. His collected account of his re- 
searches, published in the well-known “ Diamagnet- 
ism and Magne-crystallic Action,” never became a 
link in the chain of argument. 

The recent analysis of crystal structure by means 
of X-rays throws some new light on those experi- 
ments of seventy years ago. We can see more 
clearly where Tyndall’s conclusions were in error. 
But at the same time the experiments of Tyndall 
are seen to be closely related to a modern research 
of immense importance, that of the effect of stress 
on the constitution and physical properties of 

materials. 
Discourse delivered at the Royal Institution on Friday, Jan. 21. 


been successful in showing that the action of a 
magnet did not require the co-operation of a mag- 
netic substance such as iron for its manifestation, 
but might be directly connected with a substance 
of a different kind, namely, glass, and a different 
activity, namely, light. In the following months 
he tried to find some other connexion between 
magnetism and this glass. He floated his glass on 
a liquid and tried whether he could move it by 
a magnet, without result. But on Nov. 4 he suc- 
ceeded in his search. 


* The bar of heavy glass, 1% of an inch long and 
. . .? of an inch square, was suspended by cocoon 
silk in a glass jar in principle as before and placed 
between the poles of the last magnet. When it was 
arranged and had come to rest I found I could affect 
it by the magnetic forces and give it position. 
Thus touching diamagnetics by magnetic curves 


2 Not filled in, but from other notes we know it was half an inch 
square. 
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and observing a property quite independent of 
light by which we may probably trace these forces 
. into opaque and other bodies as the metals, etc.” 

“Tf 1 was the natural position on making the 
poles magnetic the glass swung into position 2 
and on to position 3. If contact was united after 
2 the tendency to 3 was diminished, i.e. was less 
than if there was no current. If whilst swinging 
contact of current was continued during vibration 
from 1 to 2 and broken from 2 to 3, then united 
from 3 to 2 and broken from 2 to 1 the bar was soon 
sent spinning round the whole circuit ’’ (see Fig. 1). 


The word ‘ diamagnetic ’ is here used to denote 
substances through which, on his views, magnetic 
lines were passing. It is not yet used as an anti- 


pole, not along the lines as a piece of iron would do ; 
and obviously the effect is very small as compared 
with the violent movements of iron in the same 
circumstances. 

The action may be described as a repulsion of the 
glass by the magnet: and sometimes the early 
workers on the subject constructed apparatus 
specially designed to show the repulsive effect more 
obviously, and to distinguish it from a mere turning 
action in a magnetic field, if indeed this could be 
done. Wecan illustrate this point, and at the same 
time the diamagnetism of bismuth, by using a 
piece of apparatus constructed for Tyndall (Fig. 2). 


FaRADAY’S First EXPLANATION OF 


DIAMAGNETISM. 

Faraday at first suggested that the 
diamagnetic effect was the antithesis of 
the ordinary magnetic effect. A piece of 
iron when placed between two poles 
became so magnetised that a south pole 
was developed upon ‘it in that part which 
was nearest to the north pole of the in- 
ducing magnet and v:ce versa. Faraday’s 
suggestion that the diamagnetic substance 
developed north and south poles where a 
magnetic substance would have developed 
south and north respectively was taken 
to be a satisfactory explanation. It was 
the constant endeavour of later experi- 
menters to express their results in accord- 
ance with Faraday’s hypothesis: even 


some distance ahead of that described 
in the original paper (Phil. Trans., 1846, 
p. 21). 


Fic. 2.—Apparatus used by Tyndall. Two balls of bismuth are placed at opposite 
ends of an arm swinging at the end of a suspension thread. The electromagnets 
are staggered so as to combine their actions in turning the arms by means of the 
repulsive forces exerted on the balls. (‘‘ Diamagnetism and Magne-crystallic 


Action,” p. 53.) 


thesis to ‘ paramagnetic.’ His new result obvi- 
ously gave him intense pleasure. and in following it 
up he was so preoccupied that he did not even go 
to the meeting of the Royal Society on Nov. 20 
when his paper on the “ Action of Magnets on 
Light was read. 

We can easily repeat the experiment, using a piece 
of the same glass taken from the store left by 
Faraday. It is not the actual piece, Number 174, 
as he tells us in his notes, for this cannot be found. 
The glass turns slowly in the magnetic field, and 
its motions are obviously controlled by switching 
the current off and on. The glass tends to set 


itself across the lines of force running from pole to 


| 


Faraday was himself the first to feel 
doubts as to the satisfactory nature of his 
explanation. His early results could con- 
veniently be described as showing an 
exact antithesis between two classes; where one 
was attracted by a magnet, the other was repelled : 
where one set itself in a certain direction in the 
magnetic field, the other avoided that direc- 
tion as much as possible. It seemed proper to 
describe them as being in exact antithesis to each 
other, and the word diamagnetism was adopted 
as a means of expressing the experimental 
result. 

He prepared a list of substances which showed 
varying degrees of response to the action of the 
magnetic field, and the plan of the statement illus- 
trates his first views (“‘Experimental Researches,” 
Series xxi. No. 2424) :— 


when development had reached a stage . 
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“ Tron Alcohol 
Nickel Gold 
Cobalt Water 
Manganese Mercury 
Palladium Flint glass 
Crown-glass Tin 
Platinum Heavy glass 
Osmium Antimony 
0° Air and vacuun Phosphorus 
Arsenic Bismuth ”’ 
AXther 


It is to be observed that those preceding air and 
vacuum are to be considered above zero or mag- 
netic, those succeeding, below zero or diamagnetic, 
which is meant to imply a true antithesis. 

In Dec. 1845 (“ Experimental Researches,” Series 
xxi. No. 2429), Faraday writes : 


“ Theoretically, an explanation of the movements 
of the diamagnetic bodies, and all the dynamic 
phzenomena consequent upon the actions of magnets 
on them, might be offered in the supposition that 
magnetic induction caused in them a contrary state 
to that which it produced in magnetic matter ; 
i.e. that if a particle of each kind of matter were 
placed in the magnetic field both would become 
magnetic, and each would have its axis parallel to 
the resultant of magnetic force passing through it ; 
but the particle of magnetic matter would have its 
north and south poles opposite, or facing towards 
the contrary poles of the inducing magnet, whereas 
with the diamagnetic particles the reverse would 
be the case; and hence would result approxima- 
tion in the one substance, recession in the other.” 


Even at that time, however, Faraday’s views 


were not firmly established : and we may repeat an 


experiment of his which shows the nature of the 
contrary influences that were impressing him. A 
small glass tube filled with a weak solution of the 
magnetic substance iron sulphate sets itself axially 
between the magnetic poles ; but if it is surrounded 
as it swings by a strong solution of the same sub- 
stance, it sets equatorially. The tube appears to 
be magnetic as compared to air, but diamagnetic 
as compared to the strong solution. 

Might not, on this analogy, all substances, and 
also air and vacuum, be magnetic, reacting to the 
magnet in the same way but to different degrees ? 
And might not bismuth exhibit its peculiarities, 
not because it is in antithesis to iron, but merely 
because it is less magnetic than the air? Yet he 
writes as follows : ; 


“Such a view also would make mere space mag- 
netic, and precisely to the same degree as air and 
gases. Now though it may very well be, that space, 
air and gases, have the same general relation to 
magnetic force, it seems to me a great additional 
assumption to suppose that they are all absolutely 
magnetic, and in the midst of a series of bodies, 


rather than to suppose that they are in a normal or 
zero state. For the present, therefore, I incline to 
the former view, and consequently to the opinion 
that diamagnetics have a specific action anti- 
thetically distinct from ordinary magnetic action, 
and have thus presented us with a magnetic pro- 
perty new to our knowledge” (‘‘ Experimental 
Researches,” Series xxi. No. 2440, Dec. 1845). 


The extract describes his first-formed opinion. 


Priicker’s DiscovERY oF MAGNE-CRYSTALLIC 
ACTION. 


The next important step is due to Plicker : 


“In 1847, Pliicker had a magnet constructed of 
the same size and power as that described by Fara- 
day, his object being to investigate the influence of 
the fibrous constitution of plants upon their mag- 
netic deportment ; while conducting these experi- 
ments he was induced to try whether crystalline 
structure exercised an influence” (Tyndall, ‘‘ Dia- 
magnetism and Magne-crystallic Action,” p. 2). 


The first experiment made by Pliicker gave an 
immediate and decided reply. The investigation 
of the behaviour of several crystals led him to 
announce the following laws : 


‘“* When any crystal whatever with an optic axis 
is brought between the poles of a magnet, the axis 
is repelled by each of the poles ; and if the crystal 
possesses two axes, each of these is repelled with the 
same force by the two poles. 

“The force which causes this repulsion is inde- 
pendent of the magnetism or diamagnetism of the 
mass of the crystal ; it decreases with the distance 
more slowly than the magnetic influence exerted by 
the poles.” 

There is some truth in Pliicker’s conclusions, but 
much correction is necessary. Tyndall pointed 
out in 1850 that they broke down completely when 
applied to calcium and iron carbonate. These two 
crystals are isomorphous; the former, Iceland 
spar, obeys Pliicker’s laws in that it sets its axis 
equatorially in the magnetic field, but iron car- 
bonate sets its axis from pole to pole. Pliicker had, 
however, done great service in directing attention 
to the peculiar behaviour of crystals in the magnetic 
field. 

In the autum of 1848 Pliicker was in London. 
Faraday writes in his laboratory notes : 

“16 Aug. 1848. Pliicker has described to me 
certain of his results as to the crystalline diamag- 
netic relation and, as I understand it, the optic 
axis of a crystal having one optic axis tends to pass 
into the equatorial direction, or if a crystal have two 
optic axes then the line between them tends to 
pass into the equatorial direction.” 

“25 Aug. 1848. To-day Pliicker showed me for 
the first time some of his experiments. 
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‘First OpticaL RESULTS. 


* A small rhomboid of Cal* Spar was suspended 
by a single cocoon thread between my Elect. Magnet 
poles with the optic axis in a horizontal position. 
When the poles were very close as in the figure the 
diamagnetic force of the substance made it take the 
position shown in which the optic axis is axial to 
the magnet. But when the poles were opened out 
to distance of half or threequarters of an inch, then 
the mass pointed axially and the optic axis therefore 


equatorially [see Fig.3]. . . . Thereisa givendistance 
between the Mag poles (pretty close) when a certain 
or piece 


rhomboid ( of Cal spar between them is so affected 
that the diamagnetic and the magneto-optic force 
is balanced, at smaller distances the piece points 
diamagnetic and at larger distances Magneto optic. 
So that on increasing the distance the magneto- 
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Fic. 3.—The figure is taken from Faraday’s notes, Aug. 25, 1848. 


optic force diminishes less rapidly than the magnetic 
force, and on diminishing the distance it increases 
less rapidly than the magnetic force. But increasing 
or diminishing the strength of the magnet produces no 
alteration of this place of neutral action, it only in- 
creases or diminishes the strength of the action on each 
side of it: or rather the resultant of the two actions on 
each side of that neutral position. So Pliicker at 
least tells me, for I did not see that proved.” 
Pliicker’s experiment is readily shown; but a 
little care in adjustment is required. The dimen- 
sions of an equal-sided rhomb are rather too much 
the same in all directions: a somewhat more ir- 
regular piece is, I find, easier to work with. The 
effect is much more clearly seen with a good bismuth 
crystal, which was obtained in the following way. 
A little bismuth was melted in a glass tube which 
had been drawn to a point. The tube was placed 
in an electric furnace, from which it was made by 
clockwork to emerge very slowly. The fine end of 
the tube came out first, and the bismuth at the 
point was the first to solidify into crystalline form. 


The rest of the metal crystallised slowly as the 
| emergence proceeded, and, in the circumstances, 
continued the structure and orientation of the first 
fragment. In this way, due to Bridgeman, the 
mass contained large single crystals, not a mass of 
fine crystals as is usual when the solidification takes 
place rapidly. 

When the crystal, which is ten times as long as it 
is broad, is placed in the magnetic field due to 
pointed poles, it sets strongly equatorially in accord- 
ance with the usual behaviour of a diamagnetic 
body : but when the poles are withdrawn some- 
what, it sets axially with equal strength. 

The experiments of Pliicker introduced a new 
effect which Faraday afterwards called “ magne- 
cerystallic action.” It clearly deserved a name, 
since its manifestations added a com- 
plication to the diamagnetism which had 


already been observed. 
The new discoveries presented so 
“4 many forms when repeated with dif- 


ferent crystals suspended in different 
ways and with different forms of mag- 
netic field that the complications were 
not unravelled for some years. Some 
of the difficulties were due to the 
circumstances of the experiments and 
had no relation to the real question. 
One of these incidental effects was 
that of attractions and repulsions due 
to transient currents induced in bodies 
already suspended for observation be- 
tween the magnetic poles when the 
magnets were excited. As is well known, the 
motion of a spinning block of copper is at once 
arrested by the action of such currents; on 
the other hand, a sheet of copper held near 
a pole is sharply repelled when the current is 
turned off, and if properly suspended can be set 
into a rapid spinning. These effects had nothing 
to do with diamagnetism, but they were apparently 
the cause of confusion on some occasions. 

Another great source of difficulty was the over- 
powering effect of iron impurities ; the diamagnetic 
effects are so feeble in all cases that a mere trace of 
iron, nickel, or cobalt is sufficient to mask them. So, 
for example, Pliicker’s experiments with antimony 
seem on this account to have been at variance with 
the true facts as proved by Faraday (Tyndall, p. 16). 


FARADAY’S RESEARCHES ON MAGNE-CRYSTALLIC 
ACTION. 


In 1848, Faraday published a series of researches 
on the magne-crystallic phenomena, which cleared 
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up some of the difficulties. But in 1850 he could 
still write as follows : 


‘ Four years ago I suggested that all the pheno- 
mena presented by diamagnetic bodies, when 
subjected to the forces in the magnetic field, might 
be accounted for by assuming that they then 
possessed a polarity, the same in kind as, but the 
reverse in direction of, that acquired by iron, nickel, 
and ordinary magnetic bodies under the same 
circumstances. This view was received so favour- 
ably by Pliicker, Reich, and others, and above all 
by W. Weber, that I had great hopes it would be 
confirmed ; and though certain experiments of my 
own did not increase that hope, still my desire and 
expectation were in that direction. (2641) Whether 
bismuth, copper, phosphorus, etc., when in the 
magnetic field are polar or not is, however, an 
exceedingly important question ; and very essential 
and great differences in the mode of action of these 
bodies under the one view or the other, must be 
conceived to exist. I found that in every endeavour 
to proceed by induction of experiment from that 
which is known in this department of science to the 
unknown, so much uncertainty, hesitation, and 
discomfort arose from the unsettled state of my 
mind on this point that I determined if possible to 
arrive at some experimental proof either one way 
or the other. This was the more important because 
of the conclusion in the affirmative which Weber 
had come to in his very philosophical paper. . . . 
(2642) It appeared to me that many of the results 
which had been supposed to indicate a polar 
condition were only consequences of the law that 
diamagnetic bodies tend to go from stronger to 
weaker places of action; others, again, appeared to 
have their origin in induced currents. . . .” 


Accordingly, he undertook a further series. of 
researches which in the end brought him to regard 
all his effects as expressible in the simple form with 
which we are familiar. In his ‘‘ Experimental 
Researches ”’ he writes (Ser. xxvi., Oct. 1850, No. 
2807) : 


“When a paramagnetic conductor, as for instance 

a sphere of oxygen, is introduced into such a 
magnetic field 

7 considered pre- 
viously as free 

i from matter, 
| it will cause a 
concentration 
r of the lines of 
force on and 
through it so 
that the space 
occupied by 
it transmits 
more magnetic power than before. If, on the other 
hand, a sphere of diamagnetic matter be placed 
in a similar field it will cause a divergence or open- 
ing out of the lines in the equatorial direction, and 
less magnetic power will be transmitted through the 
space it occupies than if it were away ” (see Fig. 4). 


Fic. 4.—The figure is taken from Faraday’s “ Ex- 
perimental Researches,’’ and was drawn to 
show his conception of the passage of lines 
of magnetic force through paramagnetic and 
diamagnetic bodies respectively. 


This describes diamagnetism generally: the 
complication of magne-crysiallic action is described 
with equal simplicity : 

‘* (2837) If the idea of conduction be applied to 
these magne - crystallic bodies it would seem to 
satisfy all that requires explanation in their special 
results. A magne-crystallic substance would then 
be one which in the crystallised state could conduct 
onwards, or permit the exertion of the magnetic 
force with more facility in one direction than an- 
other: and that direction would be the magne- 
crystallic axis. Hence, when in the magnetic field, 
the magne-crystallic axis would be urged into a 
position coincident with the magnetic axis by a 
force correspondent to that difference, just as if 
two bodies were taken, when the one with the 
greater conducting power displaces that which is 
weaker.” 

It is only a uniaxial crystal, of course, which 
possesses a single magne-crystallic axis ; it is the 
axis of a certain spheroid. The facility of con- 
duction in different directions in a biaxial crystal 
requires an ellipsoid for its representation. 

This way of stating the rules allows us to see at 
once the principle of the experiments shown by 
Pliicker to Faraday, which the latter so greatly 
extended. When the magnet poles were close, the 
crystal occupied a part of the field where the lines 
of force were very divergent. In such circumstances 
the orientation of the crystal would be determined 
by the general tendency for diamagnetic bodies to 
move from the stronger to the weaker parts of the 
field, and the crystal set its longer dimension 
perpendicular to the field ; the optic axis was then 
parallel to the lines of force. But when the 
magnetic poles were separated the crystal covered 
a part of the field in which there was little di- 
vergence: the magne-crystallic action then took. 
charge, and the crystal set itself so that the 
direction of worst conduction of the lines, 7.e. the 
optic axis, was at right angles to the lines. 


EXPERIMENTAL ILLUSTRATION OF MAGNE- 
CRYSTALLIC ACTION. 


A few simple experiments will serve as further 
illustration of these rules. We take a crystal of 
sulphate of iron which has the form of a thin plate : 
the flat sides are cleavage planes and the ‘ con- 
ducting power’ for Faraday’s lines is far greater 
across the plate than along the large faces. In a 
uniform field the crystal plate sets equatorially 
therefore, and even when allowed to move up to 
one of the poles keeps its face normal to the lines. 
A thin plate of iron would stand on edge on the 
pole: but the magne-crystallic action of this para- 
magnetic crystal is exceedingly strong. 
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A bismuth crystal so suspended that its axis (it 
is a uniaxial crystal) is vertical has no magne- 
crystallic action. Its motions are governed by the 
general tendency of its mass to move from the 
stronger to the weaker parts of the field: in a 
uniform field it has no appreciable tendency to set 
itself in any particular direction. But when the 
crystal is hung so that the axis is horizontal, that 
axis tends strongly to set itself along the lines of 
force, as we saw before. 

Naphthalene is a monoclinic crystal. Its magne- 
crystallic properties are represented by an ellipsoid, 
one axis of which coincides with the single axis of 

symmetry. The cleavage 
ty. is very perfect and the crys- 
tals'take the form of thin 
aes | plates parallel to the cleav- 


The axis is 
also parallel to the cleav- 


Fig. 5.—In this figure the 
positions marked @ and 


are positions of equilibrium 
of the naphthalene crystal 
in the magnetic field. The 
axis of Symmetry is vertical 
and perpendicular to the 
plane of the paper. The 
cleavage plane is also verti- 
cal and its intersection with 
the plane of the paper is the 
longer side of the rhomboid. 
The form of the crystal 
shown in the figure is not 
a natural form, because the 
shorter side of the rhomboid 
is drawn parallel to one 
face of the cell of the crystal 
lattice, which face does not 
usually occur on the crystal. 
It is so drawn in order to 
show the relation between 
magnetic lines and the 
lattice. 

If the crystal is hung 
from one end of the b axis, 
the position a is assumed, 
and if from the other, the 
position 6. The position c 
is impossible. 


age planes, and if the crys- 
tal is suspended so that 
this axis is horizontal and 
the cleavage planes ver- 
tical, the axis and the 
planes move into the 
equatorial position, in this 
way fulfilling symmetri- 
cal considerations. But 
when the crystal is hung 
in a uniform field, so that 
the axis is vertical, the 
cleavage planes set them- 
selves at a certain angle 
to the field. One of the 


axes of the magnetic ellip- 
soid then lies along the lines, another across 
them: the third is vertical. There is no obvious 
relation between the cleavage plane and the first 
two axes. Finke (Annalen der Physik, 31, 149; 
1910) has shown that this may be said of various 
crystals examined by him. If now the crystal 
be suspended from the other end of the axis, its 
cleavage planes will make the same angle with 
the field but on the opposite side of the medial line 
(Fig. 5). Faraday describes results of this kind 
which he obtained with a paramagnetic crystal of 
sulphate of iron (“‘ Experimental Researches,” Series 
xxi. Nos. 2634-7). Naphthalene is diamagnetic: like 
many other organic crystals, it shows the magne- 
crystallic effect very strongly. 

These experiments will serve to show the great 
variety of effects that may be observed. All of 
them are, however, easily correlated by Faraday’s 
conception of lines of force. Let us remember that 


there are several variables and give due importance 
to each. The first of these we call diamagnetism, 
implying that the lines pass through the substance 
in question less easily than through the air or a 
vacuum. The second is called magne-crystallic 
action, in reference to the fact that in a crystal the 
lines pass more easily in one direction than another. 
A third variable is the crystal shape, which may 
also affect the set in the magnetic field when the 
latter is divergent. A fourth is the amount of 
divergence of the field which, in a uniform field, 
falls to zero. After experimental disturbances have 
been allowed for, all these influences have to be 
taken into account. 

The more divergent the field the more does the 
simple diamagnetic effect assert itself, and any 
magne-crystallic action which would tend to make 
the specimen set a crystal axis or axes at some 
particular inclination to the direction of the field 
is overpowered. 


THE CONTRAST BETWEEN PARAMAGNETISM AND 
DIAMAGNETISM. 


On the other hand, magne-crystallic action 
usually takes charge in a truly uniform field. For 
the sake of brevity and an easier explanation, it 
may be well to direct attention to a fact which was 
not fully appreciated by all the first experimenters, 
but was clearly set out by Sir William Thomson 
(Lord Kelvin) in 1885. A diamagnetic bar, apart 
from magne-crystallic action, tends to set itself 
along the lines of force in a uniform field, just as a 


paramagnetic bar. For 


we may imagine the 
to be made up gradually 
of a collection of cubes, 
placed successively one 
after the other in the ‘ 


magnetic field. The effect 
of the first cube is, as we 


shouldsayin thelanguage 
of Faraday, to spread 
out the lines of force on °° 


their way through the and 
cube, and to crowd them 
together on either side 

of it. A second diamagnetic cube will, if free to 
move, go to that part of the field where the lines 
are least crowded ; it will therefore avoid setting 
itself beside the first cube and prefer to place itself 
in front or behind it. A third will continue the 
same process, and in the end the cubes will form a 
bar pointing along the lines. In the case of a 
substance such as iron, there is a double converse. 
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The lines are most dense just in front and just 
behind the first cube ; and a second cube will place 
itself in one of those positions because a magnetic 
substance seeks the strongest part of the field. 
Again, therefore, the bar grows along the lines, as in 
this case we know from experience (see Fig. 6). 

It is quite certain that no one has ever seen the 
first of these effects, because it must be so minute 
and difficult to separate from others. We may 
safely infer it, as Thomson pointed out, because 
our theories of the electromagnetic field have been 
abundantly justified by other means. The sus- 
ceptibility of bismuth, by far the most diamagnetic 
substance, is only about 10~®; in other words, the 
strength of the field on one side of a bismuth cube 
of 1 em. side would only be about a thousandth 
part of 1 per cent. greater than at the front or back 
of the cube. Near a pointed pole the strength of 
the field might easily vary by 50 per cent. in a 
centimetre. It is easy to see how feeble is the force 
tending to arrange the supposed cubes parallel to 
the lines of a uniform field as compared with the 
forces acting on a bar placed near the pole. 

The analogous effect in electrostatics can, how- 
ever, be realised. When two plates are immersed 
in oil and maintained at a large difference of 
potential, an elongated rod of glass hung from a 
fibre sets itself along the lines of force (to make sure 
that the effect is true the rod must be free from any 
conductivity due to its own substance or a water 
film). This corresponds to the setting ‘of a mag- 
netic body in a uniform field. When bubbles of 
air are allowed to rise through the oil they are * 
drawn out along the lines of force ; which effect, 
since the inductivity of air is less than that of oil, 
represents the setting of a diamagnetic body along 
lines of magnetic force. 

When a diamagnetic substance sets itself across 
the lines of a magnetic field, and no magne-crys- 
tallic action is at work, it is because the field is not 
really uniform. It is perhaps a little confusing 
when it is said, as is sometimes the case, that dia- 
magnetic and paramagnetic substances are the 
antitheses of one another in that one kind sets itself 
across the field and the other along it. This is only 
true of a field which is non-uniform. Indeed, it 
may be said that the use of the word antithesis is 
incorrect in any case. There would be a true anti- 
thesis if one substance could be defined by its point- 
ing along the lines of force in one direction while 
another pointed in exactly the opposite direction ; 
there is no true antithesis between pointing along 
the lines and pointing across them. It seems to 

® My authority is Capt. Dunsheath of the Henley Telegraph Works Co. 


me, though I say it with diffidence, that this diffi- 
culty was stirring in Faraday’s mind and was the 
true cause of the uneasiness of which he spoke in a 
quotation given above, and of his aversion to the 
description of diamagnetism and paramagnetism as 
being the antitheses of one another. 

Faraday, as I have said, when this thorough ex- 
amination of the facts had led him to frame a hypo- 
thesis which would link them together, based his 
interpretation on the existence of lines of force, and 
found himself able to place both his own results 
and those of others in their place within a self- 
contained system. 

Kelvin placed this hypothesis in mathematical 
form, thus completing the treatment of the subject 
of magnetism by Poisson ; the latter had left out 
of his consideration the consequence of magnetic 
susceptibility being different in different directions, 
not because he overlooked the possibility of such 
an effect, but because no case of its occurrence was 
known to him. 


Tue HypotruHesis oF PoLARIty. 


Faraday’s views were not accepted, however, by 
other experimenters on the same subject, and in 
particular by Tyndall. The idea of polarity was 
not to be given up easily, and innumerable ex- 
periments were made to show that a ‘ diamagnet ’ 
had poles like a magnet, but in the opposite sense. 
A bar of bismuth would develop north and south 
poles when, in similar circumstances, a bar of iron 
would develop south and north. Of course, when 
the facts are prepared for mathematical treatment, 
they can be expressed in this way. It is generally 
convenient and justifiable to represent a magnet 
by two poles because the form of the field at any 
reasonable distance is satisfactorily represented 
thereby, though in the immediate neighbourhood 
the lines of a real magnet do not run like those of 
the theoretical bipole. Within the body of the 
magnet the lines run from the south pole to the 
north, continuing and completing their course out- 
side so that every line is a closed circuit ; but all 
lines near a bipole run from the north pole to the 
south pole. So also in the magnetic shell, which is 
in the mathematical treatment the exact analogue 
of the electrical condenser, the bulk of the lines 
run from one plate to the other across the narrow 
space between the two plates ; comparatively few 
run from the outside of one plate, through surround- 
ing space, to the back of the other. In the con- 
denser, the internal field is the most important, the 
external being looked on as a correction. In the 
magnetic shell the reverse is the case ; the outside 
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field is that which is considered because it repre- 
sents more and more closely, as the plates are 
brought closer together, the field due to a current 
circulating about the contour of the condenser. 
The theoretical charges on the plates have to be 
made larger and larger as the plates are brought 
together, so that the strength of the outside field 
may remain the same. 

Now, if a piece of bismuth is placed along the 
lines of a magnetic field, the lines avoid the piece 
to some extent, though, as already explained, the 
avoidance is extremely small. If we take the 
bismuth away and replace it by a feeble bipole 

consisting of south-pole 

ah magnetism, of proper 
\ | amount, where the lines 
\ | come out of the bismuth, 
\\ and a_ corresponding 
amount of north-pole 

I] magnetism where they 


/ \ go in, the whole arrange- 
| ge ment being made in a 
Su, vacuum, or permissibly, 


in the air, we get (Fig. 7) 
in this artificial way an 
external field resembling that which exists when the 
bismuth is in place. It can be said that polarity is 
developed in the bismuth in a sense opposite to that 
which is found in iron in the same circumstances. 
If the effect is to be represented, for the convenience 
of treatment, as due to the presence of a bipole, 
then the sense of the bipole in the case of bismuth 
is opposite to the sense in the case of iron. The old 
argument, therefore, was not between two hypo- 
theses but between two languages in terms of which 
the facts were to be described. Such an antagon- 
ism, once believed in and debated, could be and was 
the cause of an immense variety of experiments de- 
vised to justify one side or the other. But Fara- 
day felt that his way of putting the facts was more 
fruitful in suggestion of further experiments, and 
more convenient as a foundation for theoretical 
development. He has been abundantly justified. 


7. 


THE WorK oF TYNDALL AND KNOBLAUCH. 


We now come to the part which Tyndall played 
in a debate which was conducted on both sides in 
such an able and, it is pleasant to observe, in such 
a friendly way. In the first place, Tyndall and 
Knoblauch published in 1850 an account of ex- 
periments which they had made. They showed 
that Pliicker’s first views, those which included the 
repulsion of the optic axis of a uniaxial crystal by 
the poles of the magnet, were, as already stated, 


incorrect in many cases, and they substituted an 
amended set of rules in the following terms : 


“Tf the arrangement of the component mole- 
cules of any crystal be such as to present different 
degrees of proximity in different directions, then 
the line of closest proximity, other circumstances 
being equal, will be that chosen by the respective 
forces for the exhibition of their energy. If the 
mass be magnetic this line will set axial; if dia- 
magnetic, equatorial.” 


The key-word is proximity.”’ This condensed 
statement of course requires explanation. Tyndall 
supplies it in full in his book on ‘“ Diamagnetism 
and Magne-crystallic Action.”’ A very brief sum- 
mary will be sufficient for our present purpose. 
In the first place, the observations made by him 
and his partner on the behaviour of crystals in the 
magnetic field convinced them that the plane of 
cleavage determined in a number of cases the posi- 
tion which the suspended crystal would take. 
Magnesium sulphate, zinc sulphate, saltpetre, and 
tupaz were diamagnetic substances, and their 
cleavage planes, the crystals being so suspended 
that these planes were vertical, always set them- 
selves equatorially, i.e. at right angles to the field. 
On the other hand, nickel sulphate, scapolite, and 
beryl, which were magnetic crystals, in the same 
circumstances set their cleavage planes parallel to 
the field. 

The connexion between these results and the 
statement quoted above lies in this, that the mole- 
cules in a crystal were supposed to be in greater 
proximity along a cleavage plane than in any other 
direction. Let us take bismuth as an example; it 
is diamagnetic and sets its cleavage plane equatori- 
ally in accordance with Tyndall’s rule. Its struc- 
ture has now been determined by X-ray analysis, 
so that we can see what meaning can be attached 
to the claim for proximity in the plane of cleavage. 
The bismuth structure can be looked on, approxi- 
mately, as a slightly distorted cube; one of the , 
cube’s diagonals has been a little stretched, while the 
other three have been left unchanged. The crystal 
is therefore uniaxial; the axis is the stretched 
diagonal. The principal cleavage plane is per- 
pendicular to the axis. The spacing of the planes 
parallel to the cleavage is larger than that of any 
other set of planes in the crystal, and these conse- 
quently contain more molecules tothe unit area than 
any other planes. Tyndall would have said that 
in those planes there was a maximum proximity 
between the molecules. 

The X-ray analysis of other crystals often shows 
the cleavage plane to have the largest spacing and 
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therefore the closest degree of packing. This 
means that the points of the crystal lattice are 
closest together in that plane, but it does not mean 
that the atoms or molecules are nearer together in 
that plane than in any other. Nothing can be said 
about that until the actual distribution of the atoms 
in the unit cell has been determined. It would be 
much safer to say that the existence of a cleavage 
plane implies a certain looseness of packing across the 
crystal planes which are parallel to the cleavage. 
This would imply a greater tightness in other 
directions, but not necessarily a greater proximity. 
It is only at first glance that the latter term seems 
to have a clear meaning. But we must let it stand 
in order to realise the argument as it presented 
itself to the authors of the statement quoted. 

It happens that in the case of bismuth we do 
actually find a closer bonding between the atoms 
in the cleavage plane than in any other ; but this 
is peculiar to the structure of bismuth and has 
no relation to the supposed close proximity of 
molecules in the cleavage plane. 

Now we come to the essential point of the argu- 
ment. It is supposed that proximity offers mag- 
netism or diamagnetism, whichever it may be, the 
opportunity to “ exhibit its greatest energy.”’ We 
are to remember that the hypothesis on which we 
are working expresses itself in terms of poles and 
that a magnet attracts a piece of iron by inducing 
poles in it, which poles then react with the poles of 
the magnet. When a piece of iron is allowed to 
attach itself to a magnet, the poles induced in it are 
much stronger than if the magnet and the iron are 
separated by a little distance. If a second piece of 
iron is brought near 
the first, every in- 
crease in its prox- 
imity increases the 
strength of the poles 
which are developed 
in this piece by the 
influence both of 
the original magnet 
and of the first 
piece of iron. 

A simple experi- 
ment will serve as 
an illustration (Fig. 
8): The nail hangs 
in the first case, 
and not in the 
second, because the close proximity of the iron 
blocks increases the strength of the poles in all of 
them. In the second case, the nail will not hang, 


FIG. 8.—When pieces of iron are all in 
contact with one another and the end 
one with the magnet, the nail can 
hang as shown in (a). But when, as 
in (6), the iron blocks are somewhat 
Separated from one another and from 
the magnet, the nail falls. 


although the magnet is actually closer to it. The 
benefit of mutual ‘ proximity’ of the separate 
pieces of iron is obvious. An equally simple ex- 
planation can be given in terms of lines of force, 
but we are using the alternative language. 

Chains of iron fragments form readily between 
magnet poles of opposite nature. A rod of iron 
“transmits the magnetic force,’ and generally 
acts more efficiently than a set of iron fragments 
which are not allowed to get into close proximity 
with each other. Tyndall sticks short lengths of 
iron wire through disc-shaped pieces of apple and 
shows that the disc sets itself at right angles to 
the field, the bits of wire therefore lying parallel 
thereto. In each bit are many molecules of iron in 
close proximity, and the fact is more effective in 
directing the apple than the existence of a number 
of bits scattered over the disc without being in 
‘ proximity ’ to each other. 


DIAMAGNETISM AND ‘ PROXIMITY.’ 


It is now argued by Tyndall that if the magnetic 
influence of a magnet is extended by means of 
proximity, the diamagnetic influence must be ex- 
tended in the same way. If the close proximity of 
iron fragments will help them to set with greater 
firmness in the direction joining opposite poles, then 
the closer proximity of bismuth fragments should 
cause them to set with greater firmness across them. 
In this way Tyndall interpreted the rule, which he 
believed he had established, that the cleavage 
planes of magnetic crystals tended to set axially, 
and those of diamagnetic crystals equatorially. 

It is interesting to observe that Tyndall was 
attempting to supply both a rule for the setting of 
crystals and an explanation of the rule in terms of 
structure. Faraday stopped short when he had 
supplied a picture of the distribution of his mag- 
netic lines, or, as we should now say, a map of the 
distribution of energy in the magnetic field. 

As I have already pointed out, there is no clear 
meaning to the term “ greater proximity in the 
cleavage plane.” Moreover, if conclusions were to 
be drawn from analogy with phenomena on a larger 
scale, they would run contrary to the intended 
argument; for, on that scale at least, a line of 
diamagnetic masses tends to set itself axially, 
not equatorially. A piece of bismuth makes 
an extremely minute alteration in the disposition 
of the lines of force, for which reason it is a very 
poor detector of the existence of the lines in 
comparison with iron; and the change, since it 
is so small, can indeed be detected by a piece of 
iron in the form of a magnet, but certainly not by 
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another piece of bismuth, no matter how close they 
are together. 

In the case of a uniaxial crystal, a principal 
cleavage must from symmetry considerations be 
related to the axis and, if it is unique, must be 
perpendicular thereto. When there is more than 
one cleavage, the cleavage planes must be sym- 
metrically disposed about the axis as in the case 
of Icelandspar. Itis not, therefore, surprising that, 
in the former case, the cleavage plane should place 
itself exactly, either equatorially or axially, and 
that in the latter case a plane perpendicular to the 
axis might be looked on as a resultant of cleavage 
planes and therefore set itself equatorially. But 
it does seem remarkable that, as Tyndall pointed 
out, the substitution of iron for calcium in Iceland 
spar, to form the isomorphous iron carbonate, 
should turn the structure round through 90° in 
the magnetic field: especially if we assign dia- 
magnetism and paramagnetism to different causes. 
It may be there are other cases of the same change ; 
and any rule of this kind must clearly be of 
importance. 


Tue Errects oF PRESSURE ON MAGNETIC 
SUSCEPTIBILITY. 


We now come to another set of experiments, very 
interesting and important, which were used by 
Tyndall in the defence of the ‘ polarity’ position. 
The method of these experiments was suggested by 
an accident. When working in Berlin with a fine 
magnet placed at his disposal by Magnus, he was 
observing the action of the magnet on a bismuth 
cube which was so shaped that two opposite faces 
were perpendicular to the optic axis and parallel to 
cleavage planes. When the current was switched 
on, the magnet poles rushed together because the 
separate parts of the magnet had not been properly 
bolted down. The bismuth cube was crushed to 
some extent. Working conditions having been 
restored, it was found that the bismuth set itself at 
right angles to its former position. The line of 
pressure, which, of course, had been parallel to the 
field, was now perpendicular to it. Tyndall now 
argued that the particles of bismuth had been 
brought into greater proximity by the pressure and 
that the setting of this line of great proximity was 
in accordance with the rule given by himself and 
Knoblauch. So began an extended series of 
researches on the effects of pressure which are fully 
described in his book. As an example let us take 
the following : 


“ A quantity of bismuth was ground to dust in 
an agate mortar, gum-water was added, and the 


mass was kneaded to a stiff paste. This was placed 
between two glasses and pressed together ; from 
the mass when dried two cubes were taken, the 
line of compression being perpendicular to two of 
the faces of each cube and parallel to the other four. 
Suspended by a silk fibre in the magnetic field, upon 
closing the circuit the line of compression turned 
strongly into the equatorial position. . . .” 

When carbonate of iron was used the line of 
pressure set axially. 

Such an experiment is very striking, whatever its 
explanation may be. Tyndall argued that he had 
by compression increased the proximity along the 
line of pressure, but it is difficult to see how this 
can be. If a number of particles of one kind are 
distributed with complete irregularity in a paste 
medium which is then subjected to pressure in one 
direction, the alteration in form of the paste block 
will not alter the law of distribution of the particles. 
In any case, as we have already seen, proximity 
does not produce any observable effects. 


Lorp KeEtvrin’s EXPLANATION OF TYNDALL’S 
RESULTS. 


It is surely natural to suggest that the particles 
acquired some orientation from the pressure, which 
might well happen if they possessed shapes which 
were related in some particular way to their 
structures. Thomson immediately pointed this out 
to Tyndall, who replied that if that were the case, 
the bismuth fragments being naturally in the form 
of flakes parallel to the cleavage plane, the line of 
pressure ought therefore to set itself axially, 
whereas it actually set equatorially. This was 
certainly a good reply. Perhaps the counter 
argument is that the crystal fragments have not 
actually been shown to set in this way. Miss 
Knaggs has made an X-ray measurement of the 
set of the fragments in one specimen of squeezed 
dough containing bismuth particles, and has found 
that the cleavage planes are not closely coplanar 
with the surface, as they must be if Tyndall’s 
argument is to be good. Though this is a single 
example, it looks as if a way of escaping the 
difficulty was to be found. aa: 

As I have said, Tyndall’s reply to Thomson was 
good, but, to use his own words, though it formed 
‘‘a strong presumptive argument it was not yet 
convincing.” He strengthened his case greatly by 
a further experiment. Comparing the repulsion 
exerted by a magnet on a natural crystal of bismuth 
with that exerted on a mass of compressed powder 
in dough, he found the latter greater than the 
former. He had cut the crystal into the form of a 
cube and placed it on one arm of a torsion balance 
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so that the cleavage plane was perpendicular to the 
magnetic field, and the repulsive force as great as 
it could possibly be. The dough had been pressed 
into a cube of the same size and placed with its 
line of pressure at right angles to the field. 
Tyndall argued that there must be a direct effect 
of pressure, since it had done more than all that the 
natural phenomena could do. 

Now it is clear that if the orientation of a bismuth 
crystal in a uniform magnetic field, 7.e. the magne- 
erystallic action, is due to the arrangement of the 
atoms and molecules in the crystal structure, the 
perfect crystal ought to show the effect more 
perfectly than the fragments distributed through 
the dough, however perfectly the latter may be 
arranged. But Miss Knaggs has made an X-ray 
photograph from the face of a natural ‘ crystal.’ 
The specimen was chipped out of a mass of crystals 
left in a crucible, and must have resembled that 
which Tyndall used. The photograph showed at 
once that the specimen was a compound of more 
than one crystal, and that different orientations 
were present. Cleavage planes, and also others 
which in a single crystal would make large angles 
with the cleavage planes, were nearly parallel to 
the face under test. It is possible, therefore, that 
there was really more of the effective orientation 
- in the pressed specimen than in the natural piece. 
A photograph of the single crystal made by 
Bridgman’s method taken in the region of the 
cleavage plane gave a much cleaner picture. 

A piece of bismuth can be looked on as an aggre- 
gate of crystals. There may be but one perfect 
crystal or there may be a number, small or large, 
of smaller crystals, each perfect. If proximity were 
increased by pressure, the change in proximity would 
have to occur in respect to the mutual distances 
in either of the separate crystals, or of the atoms 
and molecules in the single crystal. The X-ray 
analysis shows that the latter alternative is im- 
possible, because from many tests recently carried 
out in respect to metal structure, we learn that no 
permanent change in the crystalline lattice is 
occasioned by stress. The former alternative is 
also ruled out, because, as Faraday pointed out,‘ 
bismuth is actually of a lower density after com- 
pression than it was before ; the pressure having 
of course been removed. Apparently the breaking 
up of the specimen increases the extent of the 
cavities. 

Tyndall made many paste models of crystals, 
mixing powders of bismuth, carbonate of iron, or 


* His reference was to “ Gmelin’s Handbook of Inorganic Chemistry,” 
vol. 4, p. 428, 


other active substances with flour and water, or 
gum. He pressed the mass by different amounts 
in different directions and then cut it to shape ; in 
this way he imitated the magne-crystallic action 
in detail. At one time, in order to meet the 
objection that he was merely rearranging the small 
crystals in his wate and conglomerates, he took 
some white wax “concerning whose amorphism 
there can be but little doubt.’”’ The substance is 
diamagnetic. A little cylinder of the wax sus- 
pended in the magnetic field set with its axis 
equatorial. It was then placed between two stout 
pieces of glass and squeezed as thin as a sixpence ; 
suspended from its edge, the plate thus formed set 
so that its length, which coincided with the axis 
of the previous cylinder, was axial and its shortest 
dimension equatorial. But we know now that wax 
is anything but amorphous ; its crystalline struc- 
ture has not only been observed but also accurately 
measured ; and we know also that pressure arranges 
the orientation of the crystals. 

Tyndall obtained the same result with a piece of 
bread, and we may repeat the experiment. A small 
piece of the crumb is squeezed between two glass 
plates, and the edges of the 
irregular mass are trimmed 
off, so as to leave a thin 
disc. When this is sus- 
pended so that its plane 
is vertical, it sets equatori- 
ally if the poles are close 
together and the field is 
very divergent. It is there- 
fore diamagnetic. But 
when the bread is moved 
from the space between 
the poles to a more uniform part of the field, 
the plane of the disc turns through a right 
angle and sets itself parallel to the lines of force, 
It is quaint to observe how the bread, as it is 
moved up to the poles, sets itself to pass neatly 
through the narrow gate and take up a parallel 
position on the further side. This is due to 
magne-crystallic action, so that the bread contains 
crystals, a fact easily verified by X-ray methods. 


Fic. 9.—The black lines show 
different positions of a thin 
wafer of pressed bread 
hung by a single fibre. In 
the outer parts of the mag- 
netic field it sets more or 
less along the lines, but as 
it is brought up to the more 
intense parts, where there 
is great divergence of the 
lines, it turns so as to set 
pary at right angles to the 

eld 


Tue EFFECTS OF PRESSURE ON CRYSTALLINE 
CoNDITION. 


The long series of interesting and ingenious 
experiments which Tyndall made to show that 
pressure produced proximity and proximity pro- 
duced the equivalent of magne-crystallic action, 
must be held to have failed in their original purpose. 
But they will doubtless be put to a different use, 
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They are related to a subject of immense import- 
ance in these days, namely, the effects of pressure 
and tension and mechanical treatment generally, 
upon the state of a material and upon its physical 
properties. The consideration of such questions 
is fundamental to metallurgy and to other in- 
dustries. The microscope has for many years 
been employed for the purpose, and the new 
methods of X-ray analysis are already being put 
into service. It may well repay us to consider 
Tyndall’s experiments in a new light; and to 
examine the actual nature of those rearrangements 
which produced such remarkable changes in mag- 
netic reactions. Tyndall himself discussed the 
effects of pressure in producing planes of possible 
cleavage, and was one of the pioneers in showing 
how such planes, occurring in the earth’s crust, 
were not always to be interpreted as the result of 
sedimentary deposition, but rather of pressure, 
which might, if it were exerted more or less along 
the deposition planes, produce cleavages across the 
latter. He extended the principle to account for 
stratification in rolled materials, even in biscuits 
and pastry ! 

Faraday’s use of lines of force did not, in reality, 
demand so much framing of hypothesis as Tyndall’s 
polarity. It is to be observed that, as Faraday 
pointed out, they had no differences about facts, 
merely about methods of description, which 
methods, however, were of different value as 
suggesting development. To Faraday’s concep- 
tions have been added theories of magnetism and 
diamagnetism based on the existence of resistance- 
less molecular circuits as imagined by Ampére and 
Weber, or on revolving electrons as explained by 
Langevin. In the most recent times the quantum 
theories have again modified our ideas. 


MopERN CONSIDERATIONS. 

The crude hypothesis of the molecular circuit 
leads simply to a useful point of view of the differ- 
ence between paramagnetism and diamagnetism, 
and the most modern discussions, though they 
differ greatly in appearance, leave that point of 


view almost untouched. If any of Faraday’s lines 
of force thread a circuit which has no electrical 
resistance, that number can never be changed. 
If, therefore, a substance be brought into a magnetic 
field, the molecular circuits in the atoms of the 
substance act like obstructions to the lines; and 
the total obstruction, of which the negative mag- 
netic susceptibility is a measure, is proportional to 
the sum of the areas of all these circuits, as pro- 
jected on a plane perpendicular to the lines. It 
is of no consequence whatever whether there are 
already currents in those circuits; unless, indeed, 
the circuits are movable and can alter their set 
towards the imposed field. Thus the diamagnetism 
is unaffected by the existence of molecular magnetic 
fields; or by any changes in them, so long as the 
total of the projected areas of the circuits is un- 
changed. 

This result does not hold if circuits ap- 
proach each other so closely that they offer less 
obstruction to the lines than if they were more 
separated. Two resistanceless circuits running 
closely parallel to each other offer little more 
opposition to the passage of lines than either circuit 
alone. We should imagine that such changes in 
the relative position of circuits would only occur 
in strenuous circumstances such as, possibly, those 
of crystallisation. It is known that diamagnetic 
susceptibility may vary very slightly : for example, 
Oxley has shown that crystallisation sometimes 
brings about small but definite alterations. As 
has often been pointed out, this simple theory 
makes diamagnetism a property of all substances, 
which can be affected, even overwhelmed, when 
the circuits already contain currents, and there- 
fore can be orientated afresh by the magnetic 
field. 

Let me say in conclusion that although recently 
acquired knowledge of the structure of materials 
leads us to reconsider Tyndall’s experimental 
results, we are still far from the full explanation of 
the connexion between structure and magnetism, 
and of the influence of the latter upon physical 
properties. 


Printed in Great Britain by R. & R. Crank, Limitep, Edinburgh. 
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The Prediction of Eclipses. 
By Dr. L. J. Comrie. 


HE fact that astronomers can predict, many 
years in advance, the time of a solar eclipse 
to within a few seconds, and the region on the 
earth’s surface in which it will be visible to within 
a mile or so, will perhaps surprise the layman. 
Yet attention was directed to the forthcoming 
eclipse of June 29 more than half a century ago by 
the Rev. S. J. Johnson in his “ Eclipses Past and 
Future.” 

These advance predictions are possible because 
eclipses pass through a definite cycle, or repeat 
themselves after an interval of 18 years 114 days. 
To explain the reason for this, consider the con- 
ditions that lead to an eclipse. It is well known 
that the earth moves round the sun in a nearly 
fixed plane called the ecliptic. As seen from the 
earth the apparent motion of the sun in the heavens 
is along the great circle which represents the 
intersection of the ecliptic plane and the celestial 
sphere, or the ecliptic circle. If the motion of the 
moon round the earth were in the same plane, 
then once in every lunar month of 29} days the 
moor would be in line with the sun, and an eclipse 
would result. Actually the plane of the moon’s 
orbit is inclined to the plane of the ecliptic at an 
angle of 5°. This means that the great circle 
representing the moon’s orbit crosses the ecliptic 
at two opposite points or nodes, while half-way 
between the nodes the nearest possible approach 
of the two bodies is 5°. 

Should the sun happen to be within a certain 
limiting distance from either of these nodes at the 
time the moon crosses the ecliptic, there will be 
an eclipse, either partial or total. If the nodes 
remained fixed on the ecliptic, eclipses would take 
place at the same two seasons each year. Actually 
the nodes make a complete circuit of the ecliptic 
in a backward or retrograde direction in a little 
less than nineteen years, so that the sun, in its 
annual course through the ecliptic, returns to the 
same node, not in 365-24 days, but in 346-62 days, 
a period called the eclipse year. Nineteen of these 
periods equal 6585-78 days. The interval between 
successive conjunctions of the sun and moon, or, 


in other words, the interval between successive 
new moons, is called the synodical month, and is 
29-53 days. 223 of these lunations contain 6585-32 
days. That is to say, if the sun and moon at any 
given moment are in conjunction at or near a 
node, so that an eclipse is in progress, then after 
6585-32 days they will again be in conjunction 
and in the immediate neighbourhood of a node, so 
that another eclipse will occur. 

The circumstances of an eclipse vary considerably 
with the distance of the moon from the earth— 
from an annular eclipse when the moon is at its 
maximum distance of about 257,000 miles to a 
long total eclipse of perhaps six or seven minutes’ 
duration when the distance is as small as 223,000 
miles. The interval between successive returns to 
the same distance from the earth, or the anomalistic 
month, is 27-55 days, and 239 of these intervals 
are 6585-54 days. Thus not only is there a 
repetition of the eclipse after 6585 days, but 
also it will occur under practically the same con- 
ditions. 

This most useful period of recurrence was known 
to the Chaldeans as the Saros, and formed the 
basis of their very successful eclipse predictions. 
It is still used for the purpose of fixing the dates 
on which eclipses will occur, although the details 
of the eclipses are obtained by more refined methods. 

One question must be answered. Why was not 
a total eclipse visible in England eighteen years 
ago, in 1909? The reason is that 223 lunations 


exceed 6585 days by about 8 hours, and in that | 


time the earth has rotated, so that successive 
corresponding eclipses occur, on the average, 120° 
of longitude farther to the west. 

Mention should be made here of Oppolzer’s 
celebrated ‘‘Canon der Finsternisse’’ (Vienna, 
1887), which gives particulars of all eclipses between 
1207 B.c. and a.D. 2161, together with maps 
showing the central lines of total eclipses. An 
inspection of these maps indicates that the eclipse 
of 1999 will be total in Cornwall only, and. that 
the next total eclipse visible in England in 2135 
is the first of a group of four that will be seen in 
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the course of 25 years, namely, in 2135, 2142, 2151, 
and 2160. 

The accurate prediction of a solar eclipse is 
dependent ultimately on accurate predictions of 
the positions of the sun and moon. These bodies 
have been carefully observed with meridian circles 
for more than two centuries. The principal object 
in founding the Royal Observatory at Greenwich 
was the making of these observations, and to this 
day unrelaxing efforts are made to observe every 
meridian passage. In the hands of those masters 
of celestial mechanics, Delaunay, Hansen, Lever- 
rier, Newcomb, Hill, and Brown, these observations 
and Newton’s gravitational theory have led to 
tables from which the positions of the sun and 
moon for any date in historical times, or for 
centuries to come, may be found. Even the 
eclipses recorded by the ancients have contributed 
to these tables, for it is evident that the tables 
should reproduce the eclipses as observed. 

The tables used by the ‘ Nautical Almanac ” 
are Newcomb’s * Tables of the Sun ” and Brown’s 
“Tables of the Moon.” The latter is a ponderous 
tome, too heavy, when bound, to be accepted by 
the British Post Office! Its two million figures, 
printed at Cambridge for the Oxford University 
Press, are the life-work of an English-born pro- 
fessor living in the United States. It requires the 
continuous efforts of two highly skilled computers 
to produce from these tables the hourly ephemeris 
of the moon given annually in the * Nautical 
Almanac.” 

The problem of predicting the circumstances of 
an eclipse for a given point on a non-spherical 
rotating earth would at first sight seem hopelessly 
difficult. But the classical solution offered a 
century ago by Bessel, and later most ably ex- 
pounded by Chauvenet, has, by the simplicity, 
beauty, and rigour of its conceptions, lived to 
this day. 

The movements of the sun and moon are 
_expressed by means of suitable rectangular 
co-ordinates on a fundamental plane through the 
centre of the earth, and at right angles to the line 
joining their centres. The shadow of the moon 
is a cone, the intersection of which with the 
fundamental plane is a circle. Upon this same 
plane the position of the observer is projected 
orthographically, and the projected distance from 
the origin, which is the centre of the earth, is 
resolved into components parallel to the previously 
chosen axes. 

The co-ordinates x and y of the moon’s centre, 
which are also the co-ordinates of the centre of 


the shadow, and those of the observer € and », 
will be the same on a plane through the observer 
and parallel to the fundamental plane, but the 
radius of the shadow-cone, L, which is readily 
determined, will be different. The fundamental 
equation of eclipse prediction simply expresses the 
condition that when an eclipse is beginning or 
ending the observer is on the edge of the shadow 
cone, or his distance from the centre of the shadow 
cone is equal to its radius. Symbolically, 


The two times when this quadratic equation is 
satisfied represent the beginning and ending of an 
eclipse. 

The quantities x and y, the dimensions of the 
shadow cone, and other functions which are 
independent of the position of the observer, are 
tabulated in the Nautical Almanac ”’ for each 
eclipse as Besselian elements. With the aid of 
these elements, complete predictions for any given 
place can be made in a few hours. 

The difficulties which prevent the making of 
perfect predictions must now be reviewed. First, 
the diameters of the sun and moon. When a 
bright body is projected on a dark background it 
appears to be larger than its true size—a pheno- 
menon known as irradiation. Hence the diameter 
of the moon as usually measured has to be con- 
siderably reduced for eclipse purposes; in fact, 
the so-called eclipse diameter, which is used in 
predictions, has been determined from eclipse 
observations alone. Further, the limb of the moon 
is irregular, owing to the presence of lunar moun- 
tains ; on this account alone an exact prediction 
cannot be made, for a valley 1000 feet deep could 
affect the time of eclipse by a second or more, 
especially if the observer were near the northern 
or southern limit of totality. 

Another difficulty lies in the unavoidable errors 
of the solar and lunar tables. These arise partly 
from the fact that some of the quantities required 
in their construction, such as, for example, the 
masses of perturbing planets, are exceedingly 
difficult to determine, even from a_ prolonged 
series of observations. Another contributory 
cause is the fact that there appear to be some 
unknown influences at work. Prof. E. W. Brown, 
formerly a pupil of the illustrious George Darwin, 
in the preface to his “Tables of the Moon,” says: 
‘‘ While many efforts have been made in the past 
to represent the motion of the moon by gravita- 
tional theory alone, it is now admitted that this 
cannot be done completely. . . . There are oscil- 
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lating differences which do not correspond to any 
theoretical gravitational terms. . . . The causes of 
these differences . . . are matters of conjecture.1 
.. . Still more puzzling are certain oscillations 
with smaller amplitudes and shorter periods. . . . 
All that can be done is to make an estimate... . 
from the observations of the past few years when- 
ever it is desirable to predict the position of the 
moon with high accuracy, as in the case of an 
eclipse of the sun, and alter the values obtained 
from the Tables accordingly.” 

When the coming eclipse was first accurately 
predicted three years ago, a correction of +7”-0 
was applied to the mean longitude of the moon 
as derived from Brown’s “ Tables,” but, strangely, 
no correction was applied to the position of the 
sun. The Astronomer Royal, Sir Frank Dyson, 
has quoted the corrections to the longitude of the 
sun and moon derived from recent Greenwich 
observations as and +6”-5 respectively. 
When these corrections replace those formerly 
used, the effect is very slight; it amounts to a 
displacement of the central line and the zone of 

1 Since the above was written, in 1918, several astronomers have 
suggested that the earth’s period of revolution is variable, and have 


adduced evidence of a correlation between the anomalies in the 
motions of the Sun, Moon, Mercury, Venus, and Mars. 


totality as shown on the Ordnance Survey Eclipse 
Map, the data for which were computed from the 
original elements, by just one mile in a north- 
westerly direction. 

The residual uncertainty, after the application 
of these corrections, should be less than half a 
mile in the case of the central line, and not more 
than a mile in the case of the northern and 
southern limits of totality. 

The co-ordinates of the central line, and the 
circumstances of the eclipse along this line, are 
given in the table below : 


G.M.T. | Longitude.| Latitude. |, Sun's | Duration,| 
° ‘ ° ‘ ° ° 8 
5h 23m Qs | +4 55:0 | 52 32-1 9-8 64-2 20-9 
10 | 4 356 | 52 43-3 10-1 64:5 21-2 
20 | 4 16-7 | 52 54:3 10-3 64:8 215 
30 | 3 583 | 53 5-0 10-6 65°1 21:7 
40° | 3 40-3 | 53 15-5 10-9 65-4 22-0 
50 | 3 228 | 53 25:8 11-1 65:7 22-3 
5 24 Oj}48 57 | 53 358 | 11-4 66-0 22-6 
10 | 2 489 | 53 45:7 | 116 663 22-9 
20 2 325 | 53 55-4 | 118 66°5 23:2 
30 | 2 164 | 54 49 | 121 66-8 23-5 
40 | 2 06 | 54 142 | 123 | 67-1 23-7 
50 | 1 451 | 54 234 | 125 | 67:3 23-9 
5 25 0 | +1 208 | 54 325 | 127 | 676 24-2 
10 1148 | 54 415 | 12-9 67°8 24-4 
20 | 1 00 | 54 503 | 13-2 68-1 24-6 
5 25 30 | +0 45-5 | 54 59-0 | 13-4 68-3 24-9 


‘ The Recurrence of Solar Eclipses. 
By Dr. J. Jackson. 


MONGST the most remarkable of discoveries 
made by ancient astronomers was that of 
the recurrence of eclipses at intervals of 18 years 
and 10 or 11 days. We have no knowledge of 
the discoverer of this period, known as the Saros, 
but it was certainly known to the Chaldeans. In 
view of the irregularities of the early calendar, such 
a discovery must have presented great difficulties. 
The fact that the interval has an odd third of a 
day, so that the region of visibility of an eclipse 
is shifted about 120° in longitude at each return, 
greatly increases the difficulties of discovery, and 
it is possible that a period three times as long as 
the Saros was first discovered. As the area of the 
earth from which an eclipse can be seen extends 
over a large arc in longitude, it is possible for two 
consecutive members of a series of eclipses to be 
seen from the same place. The total eclipse 
visible in England on Aug. 11, 1999, is indeed 
four Saroses later than that of June 29 of this 
year, but whereas this year’s eclipse is in the early 
morning, the eclipse of Aug. 11, 1999, will be 
visible in England shortly before noon. 
The circumstances connected with the reé-. 
currence of eclipses depend on several variables 


with different periods, and the apparent irregularity 
with which eclipses occur results from the in- 
commensurability of the periods and differences 
in their relative importance. The most important 
period is that between successive new moons, 
which on the average is 29-5306 days. An eclipse 
of the sun would take place at every new moon if 
the orbital planes of the sun and moon coincided,! 
but as the inclination of the two planes is con- 
siderable—varying round 5°—it is only when new 
moon occurs near the line of intersection of the 
two planes, known as the line of nodes, that an 
eclipse can take place. On account of the motion 
of the plane of the moon’s motion, the sun passes 
through the nodes at intervals of less than 
six months, the average time being 173-310 days, 
and this is the second important period in con- 
nexion with eclipses. Eclipses take place at 
intervals which are very nearly multiples of 
29-5306 days and are approximately multiples of 
173-310 days. 

The maximum angular distance which the sun 

1 If this were the case, however, all central eclipses would take 
place within the tropics, and the only eclipses that could be seen 


from England would be extremely small partial eclipses at the new 
moons near midsummer. 
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can be from the node at the time of an eclipse 
(known as the eclipse limit) depends on the 
distances of the sun and moon from the earth 
and the actual inclination of the orbital planes. 
It varies from 154° to 183°. As the sun moves 
on the average almost exactly 2 x 153° relative to 
the nodes between successive new moons, and as 
it is moving most slowly when the eclipse limits 
are smallest, an eclipse occurs near every passage 
of the sun through a node. There are thus at 
least two solar eclipses every year, and there may 
be as many as five, the latter only occurring when 


period of 1200 years. Of these, about twelve or 
thirteen at each end are only partial eclipses, as 
the sun is so far from the node that the line going 
through the centres of the sun and moon passes 
clear of the earth. For the middle, forty-five or 
so, this line comes to earth, giving rise to a central 
eclipse which is total or annular according as the 
angular diameter of the moon or sun is the larger. 

The eccentricity of the apparent orbit of the sun 
is small, so that the angular semi-diameter of the 
sun varies only from 15’ 46” to 16’ 18”. Also we 
have seen the Saros differs from an exact number 


Fig. 1.—Successive tracks of solar eclipses. 


the sun passes through a node near the beginning 
or end of the calendar year. Eclipses of the moon 
may take place at the full moons preceding and 
following eclipses of the sun, although for them the 
eclipse limits are smaller. 

The Saros is connected with the two periods we 
have just mentioned. We have in fact 


223 x 29-5306 days = 6585-32 days. 
38 x 173-310 ,, =6585-78 ,, 


The Saros is 6585-32 days. As the sun travels on 
the average about 1° a day, it describes in a Saros 
only about 28’ less than 19 revolutions relative to 
the nodes. As 28’ is a small fraction of the eclipse 
limits, we find a large number of eclipses recurring 
in a series. 

The number of eclipses in a series varies one or 
two either way from seventy and extends over a 


of years by about 11 days, so that at the recurrence 
of an eclipse the apparent diameter of the sun 
cannot have altered more than 3”. The eccen- 
tricity of the lunar orbit is larger, causing the 
apparent semi-diameter of the moon to vary from 
14’ 42” to 16’ 46”. On account of the rather 
rapid motion of the moon’s apse, amounting to a 
whole revolution in about nine years, the interval 
between successive nearest approaches of the moon 
to the earth is on the average 27-55455 days and 


239 x 27-55455 days = 6585-54 days. 


This differs from the Saros by only 0-22 of a day. 
This is a remarkable and important coincidence. 
It means that after a Saros the mean anomaly of 
the moon has altered by only about 2°-8 (decrease), 
and the apparent diameter of the moon, like the 
sun, has not altered by more than 3”. The con- 
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sequence of all this is that the duration of totality 
in a series of eclipses varies slowly from one eclipse 
to the next, and that we have a series of total 
eclipses, or of annular eclipses. If the period of 
rotation of the lunar apse were twelve years 
instead of nine years, annular and total eclipses 
would alternate. It might be noted here that as 
a result of the moon returning to approximately 
the same distance from the earth after a Saros, 
its parallax is only slightly altered, and so the 
eclipse limits only slightly altered. 

Let us now consider the series of eclipses to 
which that of June 29 of this year belongs. At 
the new moon of May 26, 1873, the central line 
from the sun to the moon passed just north of 
the earth and there was a large partial eclipse 
near the north pole. If we work backwards from 
this date at intervals of 18 years and 10 or 11 days, 
we find a series of decreasing partial eclipses near 
the north pole. Going forwards, we find that on 
June 6, 1891, the central line passed over the 
north pole but came to earth in northern Asia, 
producing an eclipse at midnight. This was an 
annular eclipse very nearly total, and was the 
first central eclipse of the series to which the 
eclipse of this year belongs. Eighteen years later, 
on June 17, 1909, there was an eclipse which 
crossed the earth near the pole. This eclipse was 
just total, although it was scarcely certain before- 
hand that it would be so. We then come to the 
total eclipse of this year. Proceeding onwards, 
we get a series of eclipses gradually lengthening 
in duration and working equatorwards, while the 
longitude on the earth where the eclipse takes 
place moves about 120° westward from each 
eclipse to the next. 

The“ Nautical Almanac” gave the semi-diameters 
of the sun and moon as seen from the centre of 


the earth for the eclipses of 1891, 1909, and 1927 
as follows : 


Moon. Sun. 
1891 June 6 . 15’ 42”-2 15’ 47"-5 
1909 June 17 43”-1 44”-3 
1927 June 29 . 46"-7 44”-0 


These figures indicate the way in which the 
apparent diameter of the moon is gradually 
increasing relative to that of the sun. Also on 
the eclipse track the apparent diameter of the 
moon must be larger than from the earth’s centre, 
so that the total eclipses of this series will be 
steadily lengthening. 

The following table indicates the change of 
position of the point on the earth where central 
eclipse occurs at noon, for a few eclipses belonging 
to the series of the eclipse of this year. The 
longitudes are measured towards the east. It will 
be seen that the track moves about 8° southward 
each year and a little more than 100° in longitude. 
After two hundred years, when the track is near 
the equator, the movement is about 5° southward 
and 120° westward each year. 


Longitude E. Latitude. 
1909 June 187° +88° 
1927 June 29 . . 84 +78 
1945 July 9 . . 340 +70 
1963 July 20. . 234 +62 
1981 July 31 . . i +54 
1999 Aug. ll . . 18 +46 
2107 Oct. 16. . 39 +2 
2125 Oct. 26. . 276 - 4 
2145 Nov. 7 . . 150 - 9 
2161 Nov. 17 23 —14 


The map (Fig. 1) shows the track of the approxi- 
mate central line for the eclipses of 1927, 1945, 1963, 
1981, 1999, 2017, and 2125, 2143, 2161. In each case 
the eclipse begins at the western end of its track at 
sunrise and finishes at the eastern end at sunset. 


Future Total Solar Eclipses in the British Isles. 
By Dr. A. C. D. CRoMMELIN. 


N article by Dr. W. J. S. Lockyer in Nature 
for Jan. 15 last described and illustrated 

the total solar eclipses in the British Isles from 
A.D. 878 to A.D. 1999. The present article con- 
tinues this investigation for another thousand 
years. In view of the very long interval of two 
centuries that has elapsed since there has been a 
British totality, it is interesting to determine the 
average interval between these events. Mr. J. 
Maguire’s list, used by Dr. Lockyer, has a few 
omissions. I therefore had recourse to the maps 
in Oppolzer’s Canon of Eclipses. These indicate 


63 British totalities in 3370 years (1208 .B.c. to 
A.D. 2161), or 19 in a thousand years, giving an 
average interval of 54 years between totalities. 
I am aware that the maps in the Canon show the 
tracks as circular arcs not quite agreeing with the 
true ones, but for statistical purposes this is of no 
importance ; we clearly gain as many as we lose 
by the distortion.: 

As a check I find that Otto Schrader gives 21 
eclipses as total in the British Isles in the period 
A.D. 2133 to a.D. 3045. Four of these are doubtful ; 
the central line lying outside these islands: giving 
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these half weight, we have 19 in 900 years, or 21 
in a thousand years. So we are safe in concluding 
that the average number in a thousand years is 
19 or 20, giving an average interval of 53 years. 
I have here included the Shetlands in the British 
Isles. If we exclude them (they were not included 
in Dr. Lockyer’s map, reproduced in Fig. 1) we 
may take the average interval as about 58 years. 
If instead of a large area we consider a point on 
the earth’s surface, we have on the average 3 total 


and spread out at another in a manner that recalls 
the service of tram-cars. The blank period of 
203 years that is now ending is the longest between 
A.D. 800 and a.D. 3100. The gap between a.p. 
2200 and A.D. 2381 comes second, and that between 
A.D. 1433 and a.D. 1598 third. 

On the other hand, the most striking example of 
bunching is between a.pD. 2081 and a.D. 2200; 
we have here seven certain totalities and two 
others that are likely to reach the shores of Great 


Britain within 119 years. 

The following are the data from 
which the tracks in the accom- 
panying map (Fig. 2) were laid 
down : 

(1) For the period a.p. 2000 
to A.D. 2161 they are from my 
own calculations, using the ele- 
ments in Oppolzer’s Canon. 

(2) For a.p. 2189 from my 
own calculations, using Hansen’s 
tables of the moon and Newcomb’s 
of the sun. This eclipse was in- 
advertently omitted by Schrader. 

(3) From a.p. 2200 to the 
end from Otto Schrader, ‘‘ Die 
bedeutenden Sonnenfinsternisse 
und die grossen Mondfinsternisse 
fir Mittel-Europa” (P. Stankie- 
wicz, Berlin, 1913). 

It is to be remembered that 
the lunar tables used by Oppolzer 
omit many small terms; con- 
sequently the eclipse tracks cal- 
culated from them are uncertain 
by about 25 miles at the present 
time ; and since the accelerations 
used in them differ considerably 
from those now accepted, the 


eclipses, 4 annular ones, and nearly 400 partial 
ones visible there in 1000 years. But we should 
have to take several thousands of years to make 
the average numbers for totality and annularity 
correct. In shorter periods we find some striking 
anomalies ; thus a small region in Scotland round 
the point 3° 40’ W., 55° 30’ N., will have three 
totalities all under favourable conditions within 
61 years (A.D. 2381, 2426, and 2442). Also, the 
grouping of totalities in the British Isles as a whole 
is much less regular than}we might expect as a 
result of three such uniform motions as the 
rotation and revolution of the earth and the 
revolution of the moon. They bunch at one epoch 


uncertainty becomes markedly 
greater after an interval of 
several centuries either in the past or the future. 
I understand that the tables used by Schrader 
are simply an extension of Oppolzer’s, so they are 
subject to similar uncertainty, and tracks several 
centuries ahead can only be taken as approximate. 

A few notes follow on some of the eclipses the 
central lines of which are shown on the map. The 
eclipse of A.D. 2081 is a return after seven Saroses 
of the Philippine Islands’ eclipse of 1955, which has 
the remarkable duration of totality of 7™ 68. If 
Oppolzer’s data are accurate totality should reach 
the Lizard. Although the central line in a.p. 2090 
is some distance from the shores of the British 


Isles, the track is so wide through foreshortening 
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that the shadow will reach the south-west coast. 
In a.D. 2142, totality may reach Dungeness. In 
A.D. 2151, Oppolzer’s elements would give totality 
in London, but those of Hind, Maguire, and 
Johnson do not; their tracks are farther north. 
The eclipses of A.D. 2381, 2681, and 2726 are re- 


markable for long totalities. The latter seems to 


intermediate eclipse in 2918 passes north of the 
Shetlands. Those of a.p. 2081, 2381, and 2681, 
also A.D. 2142, 2442, also a.p. 2426, 2726, illustrate 
the 300-year cycle: those of a.p. 2160, 2681 
illustrate the 521-year cycle. 

Taking the present list and Dr. Lockyer’s to- 
gether, there are two examples of a 2-year interval 


be a record for Europe, reaching —»>————= 
6 minutes. The Lizard will prob- | fF 
ably be within the shadow; the 
Channel Islands certainly will. 
The following table gives the 
dates of all total eclipses that 
may reach the shores of the 
British Isles, the approximate 
hour, the sun’s altitude and the 
duration on the central line. I 
have diminished the durations 
given by Oppolzer’s and Schrader’s 
elements by 0-2™, since they use 
too large a diameter for the moon. 


Date. Hour. Sun’s alt. Dur. 
2081 Sept. 7a.mM. 18° 3-5m 
2090 Sept.23 5 p.m. 6 28 
2133 June 3 9am. 40 3°5 
2135 Oct. 7 8a.M. 2-7 
2142 May 25 9am. 43 2-9 
2151 June 14. 15 2°6 
2160 June 4 6PM. 22 2-1 
2189 Nov. 8 8a.M. 8 2-5 
2200 Aprill4 Spm. 17 0-4 
2381 July 22 10am. 48 # 5:0 
2426 Sept. 2 8am. 25 3-9 
2442 Aprilll 9am. 33 1-7 
2545 Aprill2 Spm. 15 0-2 
2600 May 5 6am. 12 2-7 
2681 June 8 2pm. 50 4-5 
2726 July 21 llam. 58 5:7 
2808 Aug. 13 6a4.M. 8 0-3 
2817 Sept. 2 4pm. 21 0-9 
2864 Feb. 28 lpm. 29 2°8 
2911 Aug. 15 2pm. 37 3:0 
2927 Mar. 24 2pm. 31 3-0 
2972 May 4 3PM. 37 3:8 
2974 Sept. 7 lpm. 35 4-1 


The central lines of 2081, 2090, 
2726 pass respectively 70, 140, and 
93 miles south of the Lizard ; that of 2974 passes 
44 miles north-east of Unst (Shetlands). 

In the above list the eclipses of a.p. 2081, 2135, 


and 2189 illustrate the triple Saros; those of . 


A.D. 2133, 2151, and 2142, 2160 the simple Saros ; 
those of A.D. 2864, 2972 the sixfold Saros: the 


Fi@. 2. 


between British totalities: A.D. 2133, 2135, and 
A.D. 2972, 2974; three of a 7-year interval: 
A.D. 878, 885, and A.D. 1133, 1140, and a.p. 2135, 
2142; six of a 9-year interval: a.D. 1424, 1433, 
and a.D. 1715, 1724, and a.p. 2081, 2090, and a.p. 
2133, 2142, and a.p. 2151, 2160, and A.D. 2808, 2817. 


Meteorological Conditions in Relation to Eclipse Observations. 
By R. Cor.Ess. 


HE eclipse of the sun which will occur at 
about 5 h. 23 m. G.M.T. (6.23 a.M. summer 

time) on June 29 will appear total to observers 
stationed upon a strip of country 28 or 29 miles 
wide, of which the central line stretches from 


Criccieth in North Wales to Hartlepool in 
Durham. The character of the country included 
in this strip is very varied. There are coastal 
areas on the Lleyn Peninsula and North Wales, 
in Lancashire and between Sunderland and Salt- 
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burn on the east coast; there are, on the other 
hand, the mountain peaks of Snowdon, Whern- 
side, Penyghent, and many others; and there is a 
considerable gradation of hill, plateau, valley, and 
plain between these extremes. 

It is worth consideration whether the climato- 
logical records suffice to indicate which type of 
country in the belt is likely to provide the most 
favourable weather conditions for viewing the 
eclipse. The question resolves itself into the 
identification of the places which, on the average, 
are most free from cloud, mist, and fog. The 
records do not furnish a direct answer to this 
question, because observations of cloud are not 
sufficiently numerous and well distributed along 
the belt to define with precision the average 
distribution of cloudiness. A consideration of 
other records, notably of rainfall, sunshine, and 
visibility, indicates, however, that the conditions 
which produce bad seeing are so different in 
character on different occasions, that it is better 
not to deal with averages, but to classify the 
various occasions into types, and to consider 
the physical conditions associated with different 
types. 

A broad classification can be made into the 
following occasions : 


(1) When seeing is bad everywhere. 

(2) When it is variable. 

(3) When it is bad on the hills and good else- 
where. 

(4) When it is bad in the low-lying valleys and 
good elsewhere. 

(5) When it is good everywhere. 


(1) Occasions when seeing is bad everywhere 
are most likely to occur when a _ widespread 
canopy of cloud is produced in a depression or 
region of relatively low barometric pressure. But 
they also occur in certain anticyclones where an 
inversion of, temperature at a moderate height 
prevents vertical motion of air, and so favours 
the development of a layer of cloud just below 
the inversion. In the latter case the summits of 
mountains may be places from which a good view 
can be obtained. 


(2) The condition in which seeing is variable 
and changeable is characteristic of a depression of 
less intensity than that of the previous case. 
Especially in the rear of the disturbance the weather 
may be showery, and bands of cloud may alternate 
with stretches of relatively clear sky. 


(3) The third case, in which seeing is bad on the 
hills and good elsewhere, is in general due to the 
formation of persistent cloud on and above the 
hills as a result of the lowering of temperature 
in a current of rather moist air, which is forced 
upwards by the obstacle of the hills themselves, 
The clouds disappear on the lee side of the hills 
because the temperature of the air-current in- 
creases again in its descent after surmounting the 
crest. In this case a definite air-current is an 
essential part of the process, and as wind is detri- 
mental to fog formation, mist and fog are not 
normally found at low levels. 


(4) In this case seeing is bad in the low-lying 
valleys, in consequence of the development of 
mist or fog, but good elsewhere. This condition 
is characteristic of the early morning in anti- 
cyclonic, cloudless summer weather. It arises 
from the cooling of the ground by radiation to 
the clear sky during the previous night, which 
leads to the cooling of the surface layers of air by 
conduction. Conditions being anticyclonic, there 
is usually little or no wind, consequently the cold 
surface air flows into the valleys by gravitation. 
The temperature of this air continues to fall as 
the night progresses, until by daylight it is prob- 
ably below the dew-point, and the cold air is co- 
terminous with a sea of fog with a flat, well-marked 
top, which is fatal to good seeing for observers 
enveloped in it. Above the fog the air is clear 
and cloud is usually absent. 


(5) The fifth case provides the most favourable 
conditions for good visibility everywhere. It differs 
from the last in that fog is not formed in the 
valleys because air movement in the anticyclone is 
sufficient to overcome the tendency of the chilled 
surface layers to gravitate into the valleys. Mixing 
of the lower layers by turbulence takes place and 
prevents the temperature from falling to the dew- 


point. Meteorologically the two cases are not - 


readily distinguished, but the results are very 
different to observers stationed in deep valleys. 

In the absence of information as to the probable 
distribution of barometric pressure on the morning 
of the eclipse, the only practical conclusion that 
can be drawn is that it is advisable to avoid both 
high ground and very low ground. But on the 
day prior to the eclipse it should be possible, with 
the aid of the current weather map, to form an 
opinion as to which of the five general conditions 
of weather described above is likely to be ex- 
perienced on the following morning. 
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Naked-Eye Observations of an Eclipse of the Sun. 
By Anntz 8. D. MAunpDER. 


O observer of the partial phase of a total 
solar eclipse should look at the sun with the 
naked eye. During this phase some people advise 
the use of coloured gelatine spectacles, smoked glass, 
or darkened photographic film ; others advocate a 
graduated screen, using always the densest possible 
part of it. A very serious attitude is taken in the 
Lancet of April 30, where two ophthalmic surgeons 
urge that the public must be made to understand 
that neither smoked glass nor fogged photographic 
film are safe screens even when well prepared, seeing 
that they do not absorb the irritant ultra-violet 
rays, and to avoid the risk of ‘ eclipse blindness ’ 
use must be made of a photographic film which 
(after fogging so as to obtain the necessary density) 
has been treated by a special process which excludes 
wave-lengths shorter than 4000 A.U. 

My own precautionary method is at once safer, 
cheaper, and more effective. It is this: Do not 
look at the sun at all—either with the eyes screened 
or unscreened—until totality is just about to begin. 
During the partial phase there is nothing on the 
sun of interest that cannot be seen better by looking 
on the earth. In other words, project in all cases 
the sun’s image on a screen—white card, ground 
glass, pavement, or wall—whether the projection be 
through a telescope, or the ‘ pinholes’ made in a 
cardboard, or between the leaves of a tree. (Pro- 
jection, on ground glass or white cardboard, 
through a telescope, is of course the best way for 
timing the four contacts of sun and moon.) The 
little ‘decrescent’ or ‘crescent’ suns upon a 
wall or pavement are very pretty to watch and 
can easily be photographed. Nor is it the image 
only of the sun itself that becomes bow-shaped, 
but also the shadows cast by it. I first noticed this 
in the very large partial eclipse of 1912, seen in 
Paris, as an eclipse something between total and 
annular, when the sun was high in the heavens at 
noon, and standing on the flat roof of a house in 
Greenwich, I looked down on my shadow far below 
on the pavement. This showed my ears pointed 
like the traditional faun’s ; and, more curious still, 
.when I stretched out my open hand, all my finger- 
tips were drawn out and bent like a bird’s claw. 

By the time that the sun has become a narrow 
bow in outline, and there remain but a few minutes, 
perhaps three or four, before the actual beginning 
of totality, the shadow-bands should begin to 
dance in streaks or wavy lines. I have heard these 
compared to many things, but I have never had the 


good fortune to see them myself; to the shadows 
of the ripples on the surface of the clear water 
dancing on the shingly beach below; to the 
shadows cast on the wall of a room from rippling 
sunlit waters outside. In the words of Mr. C. L. 
Brook (at the 1900 eclipse), “ripples raised on 
water by a bright breeze represent best what may 
be termed the structure of the shadows ; they all 
move in the same direction, each ripple element is 
linear in character but retains its individuality only 
for a moment, appears to dissolve away and others 
take its place.” In the Australian eclipse of 1922, 
some observers saw a flickering shadow hovering 
over distant trees eleven minutes before totality ; 
later, on the ground, round their feet: ‘‘ they 
flitted under the trees as the shadow of a bird might 
when flying above.” Immediately after totality, 
the whole light was crimson for about ten seconds, 
and red and black shadow-bands raced over the 
ground. The bands were seen by chromospheric, 
not by sunlight. From the scientific point of view, 
the ideal occasion for their observation was in the 
American eclipse of January 1925, when Nature 
itself provided a white carpet for them to dance 
upon. It has been thought that they were due to 
currents in our upper atmosphere and that we 
could learn from them something about this ; but 
the Americans observed them too closely and found 
that they were wind swirls—little ‘devils’ they 
are called in India—close to the ground, and in one 
place were seen to be chasing one another in all 
directions round a tree. 

Whether the onrush of the moon’s shadow can be 
seen at the coming eclipse will depend on whether the 
weather is clear or hazy. At the American eclipse 
it was looked for, but was undefined because of the 
haze. Major Hepburn says that this is the most 
impressive feature of the spectacle: “the onrush 
from a certain direction of rapidly spreading and 
engulfing darkness.” But those who have work to 
do during totality have to forgo this experience. 

The eclipse of June 29 is a young one ; it is total— 
and not very much total at that—for the first time; 
when it is a Saros older it will be better. As a 
consequence, the chromospheric ring will probably 
be visible throughout the whole period that the 
sun’s disc is covered. The form and size of the 
corona will depend on the actual state of activity 
of the sun at the moment. If there are many and 
great sunspots and prominences, and if these are 
near the sun’s edge, then we may expect a complex 
2B4 
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inner corona, which, however, will only show to the 
naked eye as a bright silver ring surrounding the 
narrow pink circlet of the chromosphere, with long 
coronal streamers extending in all directions ; if 
there are no spots and insignificant prominences on 
the sun, then the coronal wings will lie folded along 
the sun’s equator. Prominences, of course, will 
be visible to the naked eye only if large enough ; 
keen sight could detect a prominence of 40,000 
miles height ; one of 200,000 miles should be easily 
visible. The corona will be ivory or white in 
colour ; the: chromosphere will be rosy ; promi- 
nences will probably be red, but they may be white. 

We would wish for June 29, that the weather on 
the sun should be stormy with many eruptions ; 
that—for naked-eye observers—there should be 
deep lunar valleys near the points of second and 
third contacts; and that great red prominences 
should show up where these lunar valleys are. 

In the American eclipse of 1925, New York City 
had a very beautiful aspect of the eclipse, which 
there was of short totality. The eclipsed sun showed 
as a faint circle of light with an intensely brilliant 
place at one spot, the rays from which spread out 
and gave the impression of a ring with a big diamond 
inserted in the usual way. There was a depression 
in the moon’s edge which grazed the edge of the 
sun for some time, as seen from New York, which 
lay on the edge of the shadow track, just as Liver- 
pool lies (probably) on the edge of the shadow 
track on June 29 next. In one of the Russian 
chronicles there is a description of the eclipse of 
May 1, 1185: “* In the evening there was an eclipse 
of the sun. It was getting very gloomy and stars 
were seen, and in the men’s eyes was a green light. 
The sun became similar in appearance to the moon, 
and from its horns came out somewhat like live 
embers ” ; which seems to point to something like 
the *‘ diamond ring,’ perhaps a prominence as well 
as sunlight. 


I have myself only once seen the eclipsed sun 
with the naked eye, and then it seemed small, 
much smaller than the full sun and moon to which 
[have been accustomed. But this was in India, with 
the sun high in the heavens. Mr. H. B. Adames 
saw the beginning of the eclipse of 1905 as the sun 
rose over Lake Winnipeg, and to him the entire 
body of the moon, which suddenly appeared with 
a blood-red prominence on either side, was a 
** huge black ball immensely exaggerated.”’ 

The effect of the rapidly diminishing sunlight on 
land and sky is weird and uncanny ; all life and 
warmth fade out of the landscape ; the flowers look 
withered, the grass and trees lose all trace of their 
living green and become of a dull lead colour ; 
even the very faces of the observers become livid. 
If the sky is blue, it changes to a deep funereal 
purple. If there are small clouds near the sun, 
the iridescent colours, which are always there but 
not always easily seen, stand out vividly as in a 
spectrum. Round the horizon—which is near or 
beyond the shadow’s edge—there is a glow of an 
angry gold, a sulphur light, not untinged with red. 
These are sunset effects, perhaps, which become 
visible when the daylight is cut off, but they may 
owe something also, as Mr. C. T. Whitmell suggested, 
to the red chromospheric light. If clear, it will be 
well to glance at the shadows cast by the corona ; 
in 1922, Miss Miriam Chisholm found that these, 
though present, were undefined. 

In my opinion, all naked-eye observers who are 
artists should make the painting of the colour effects 
on land, sky, and sea their chief study at this 
eclipse. It is not, of course, possible to do this work 
actually in the short totality, but the outline should 
be drawn before the eclipse, the colours noted 
during the total phase, and the painting finished 
afterwards while the tints are still fresh in the 
memory. Like meteorologists, artists get their 
results, whether the eclipse is clear or cloudy. 


Eclipse Photography. 
By C. P. 


LTHOUGH the total solar eclipse on Wednes- 
day, June 29, will be one of short duration— 
about 23 seconds total obscuration in England, 
and 30 to 40 seconds in Norway—the improvements 
in sensitivity of photographic materials and design 
of optical equipment warrant the attempt to obtain 
photographic records of various stages of the 
phenomenon. In order to give information wanted 
by observers having diversity of equipment, we 
may briefly summarise the various means with 
which observations may usefully be undertaken. 


Ordinary Cameras.—These may range from the 
modest hand-camera to the largest field or studio 
apparatus, preferably fitted with some controllable 
exposing apparatus other than merely the lens 
cap. These may all give interesting pictures, but 
the scale of the result will be strictly proportional 
to the focal length of the lens employed. The 
diameters of the sun and moon are about half a 
degree of arc on the sky, so it is a simple matter 
to calculate what the actual linear diameter of the 
image of the eclipsed sun will be with any given 
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lens ; an ordinary camera of, say, 7 inches focus, 
will give an image about ,'; inch diameter ; one 
of 12 inches focus an image about ,'5 inch diameter. 
In spite of the small scale, such lenses in previous 
years have given very beautifully defined pictures 
of the eclipsed sun and the surrounding corona. 
For the delicate outer streamers of the corona such 
apparatus is very efficient, and possibly more 
suitable than the larger scale instruments. This 
was illustrated by the success of Mrs. Maunder 
at the eclipse of 1898 in India, when the photo- 
graphed coronal streamers extended about eight 
solar diameters from the edge of the moon. In this 
work of photographing an illuminated area, the 
power of the lens is regulated by the ordinary f 
value, i.e. the ratio of aperture to focal length, so 
that lenses with the largest a/f value available 
should be chosen for this occasion. 

Telephoto Cameras.—By means of an auxiliary 
lens, generally concave, to reduce the bulk of the 
apparatus, increased focal lengths may be obtained 
with a given camera. Photographers having tele- 
photo attachments to their lenses will be able to 
obtain large-scale pictures, but if the equivalent 
focal length is more than about 20 inches, some 
method of moving the camera with the sun will be 
necessary for exposures longer than a few seconds. 

Long-focus Lenses or Telescopes.—These instru- 
ments are usually of larger aperture than a tele- 
photo lens of similar focal length would be, so that, 
even when stationary, a useful picture may be 
possible with a snap-shot or short-time exposure. 
If furnished with clock-work drive, they provide 
perhaps the most important means of obtaining 
details of the structure of the eclipsed sun. Good 
results may be obtained by adjusting an ordinary 
camera, with lens set for infinity, immediately 
behind the eyepiece of a visual telescope which 
has also been adjusted on the distant object. If 
this arrangement is selected, it would be best 
mounted on a long, stiff board, and the whole fixed 
on a firm support pointing to the sun. The ex- 
posure should be made by rubber tube or antinous 
release, to avoid vibration. 

Stationary or Clock -driven Apparatus. — With 
such a short eclipse it is doubtful if anything will 
be gained by installing temporary driving apparatus 
to follow the movement of the sun. Unless the 
utmost rigidity is secured, the small errors in fixing, 
driving, etc., may be greater than the actual move- 
ment of the object. The best advice appears to 
be that the camera should be firmly fixed on some 
rigid support, provided with a wedge adjusted to 
the elevation of the sun (about 11° in England). 


With instruments of moderate focal length the 
movement during the possible exposures will be 
scarcely perceptible. The movement may begin 
to be effective when focal lengths of more than 
20 inches are employed. 

Alteration of Eclipse Track.—Notice should be 
taken of the recent alteration of the track of the 
eclipse and its time of occurrence. The latest 
calculations, kindly furnished by Dr. Comrie, of 
the “ Nautical Almanac ”’ Office (Monthly Notices, 
Royal Astronomical Society, vol. 87, April, p. 496), 
place the central line about one mile farther north 
than the previously published track, so that 
observers located near the southern limit as shown 
on the Ordnance Survey Map should move to some 
station at least two or three miles northwards, to be 
certain of complete obscuration. Observers near 
the northern limit of totality will be better situated 
in consequence of the alteration. The time of 
occurrence is only about 4 seconds later than the 
published time. 

Perhaps a word here as to the actual method of 
observing the instants of totality will be welcome 
to those who have not previously seen a total 
eclipse of the sun. The moon commences to enter 
on the sun’s north-western edge, about the position 
of 2-hours on a clock face as one faces the sun, and 
will gradually cross the disc in a slanting direction, 
roughly towards the 8-hour position. When near 
totality, about an hour after first contact, the sun 
will be 25° north of the east point of the horizon 
and at an elevation of about 11° above the horizon, 
these figures being slightly different at various 
localities. As the advancing edge of the moon 
gradually approaches the eastern edge of the sun, 
the intense white are of sunlight will be broken into 
small beads, produced by the rough mountainous 
edge of the moon. The instant when the last of 
these bright spots disappears is the time of second 
contact, and denotes the beginning of totality. 
Unless the observer wishes to obtain a series of 
records, the exposure should not begin until this 
instant of second contact, otherwise the delicate 
features of chromosphere and corona will be lost 
in the bright glare. 

It is advisable to protect the eyes with dark 
glasses, such as may be made from a densely fogged 
photographic plate, or ordinary deep-tinted neutral 
glass, until totality occurs. From second contact 
to third contact is the period of totality, which in 
England is expected to last for about 23 seconds. 
This is the time available for securing pictures of 
the corona, which can never be seen except in 
these special circumstances, and the exposures to 


| 

| 

| 

tee 

i 

| 

| 

: 


84 Supplement}to “‘ Nature,” June 18, 1927 


be given will depend on the number of pictures 
to be taken. In general it would be advisable to 
limit the number to three : 

(i.) A snap-shot just after the last beads of sun- 
light are seen to disappear at the moon’s eastern or 
advancing edge. This will give the prominences 
and perhaps the inner corona. 

(ii.) A longer exposure of, say, 15 to 20 seconds, 
depending on the time occupied in changing plates. 

(iii.) Another snap-shot just as the bright beads 
appear at the western edge of the black moon. 

Cinema Record.—The eclipse, being of short 
duration, may be specially suitable for the taking 
of a cinematograph film of the various stages, in 
which case the exposures would be started some 
time before totality, to show the transition from 
partial to total phase. 

Intending observers who are able to go farther 
afield will find the photographic conditions some- 
what more promising in Norway, where the alti- 
tude of the sun during totality will be about 21°. 

Photographic Plates.—In general it will be best 
for the photographer to use the plates to which 
he is accustomed. All the well-known brands of 
material, glass plates and films, are now so uni- 
formly good with regard to clean working that any 
choice may be governed by whatever special 
features it is desired to obtain. If only one ex- 
posure is to be attempted, the most rapid emulsion 
is to be recommended. All the chief makers list 
plates from 350 to 650 H and D. For the corona 
much of the light is concentrated in a few special 
colours, violet, blue, green and red, the combina- 
tion giving the silvery white sheen characteristic 
of the solar envelope. Ordinary plates, of what- 
ever speed, will record only the violet and blue 
portions. To get the advantage of the visible 
colour action, panchromatic plates may be used. 
The outstanding plates of this variety are the 
Ilford Iso Zenith, Iso Wellington, and Imperial 
Eclipse Ortho, all being of the highest sensitivity 
and very clean working. Most makers also supply 
Spectrum Panchromatic Plates, which are of 
somewhat lower speed, but give a more equable 
representation of the spectrum colours. When 
the apparatus is fitted with lenses of large relative 
aperture, these plates may be used instead of 
those of greatest rapidity. The easiest way of 
treating these colour-sensitive plates is to develop 
in darkness for six minutes with the metol-hydro- 
quinone solution recommended by the makers. 
For those, however, who cannot resist the tempta- 
tion to enjoy seeing the image gradually built up, 
use may be made of one of the various desensitising 


solutions which are now available. Before de- 
velopment, and in darkness, bathe the exposed 
plate in a weak solution of the desensitiser, such as 
phenosafranine, for about one minute. Then add 
thedeveloper, and continuefor afurther six minutes, 
during which an ordinary safelight may be used to 
see the progress of development. 

There is one possibility of difficulty, owing to the. 
early hour (6 h. 23 m. a.m. British summer time) at 
which the eclipse will take place. If the sky is 
slightly hazy, the contrast of the silvery-white 
coronal structure may be lessened with respect to 
the sky background. With ordinary plates this 
cannot easily be remedied. But if panchromatic 
plates are employed, much of the sky glare may be 
eliminated by using a moderately tinted colour 
screen, of the type known as K;, which will cut out 
much of the blue glare, and yet pass sufficient of 
the green, yellow, and red to the panchromatic plate 
to give good density in the image. 

Supersensitised Plates —For observers with more 
experience, most varieties of plates may be hyper- 
sensitised by a preliminary ammonia bath. The 
plates are simply bathed in a weak solution of 
ammonium hydrate (about 1 per cent.) for one 
minute, at a temperature of about 50° F. (14-5° C.). 
Then dry the plate as quickly as possible, either by 
a centrifuge or a fan. All this should be done in 
darkness. If an alcoholic solution is preferred, the 
plate will dry much quicker, but the resulting 
sensitivity will be slightly lessened. 

Films.—Observers desiring to use films may do 
so with every confidence ; and as many film emul- 
sions are now made colour-sensitive, the remarks 
already made as to using colour screens, if glare is 
present, also apply to films. 

Colour Photography—Many observers intimate 
their intention to try for colour records of the eclipse 
phenomena, for which several processes are available. 

Backing.—It is advisable that all plates should 
be backed, as any traces of halation due to bright 
portions of corona, prominences, or slight cloud may 
otherwise diminish the delicacy of detail. 

Shadow Bands.—In addition to the corona and 
prominences, there are several other features 
peculiar to a total solar eclipse which may be of 
interest to photographers wishful of a more exten- 
sive programme. Just before totality, and im- 
mediately after, a series of moving wavy shadows 
are usually seen on the ground or sides of buildings 
facing the eclipsed sun. The cause of these is not 
yet known with certainty, but they appear to have 
some relation to prevailing atmospheric conditions. 
If a white sheet or a whitewashed wall can be used, 


| | ph 
| Ex 
wh 
reg 
| not 
| ger 
| ant 
obs 
| sta 
| der 
| lan 
| era 
ma. 
| the 
of 
feat 
| The 
plat 
cha 
| lane 
be « 
| 
| con: 
pict 
pho 
| quit 
equi 
| may 
in 
| poir 
| dire 
| equi 
Pris 
whic 
such 
the 
obta 
Tho: 
| relat 
| origi 
grap 
ordit 
| 
| 
on 
obta: 
wort 
being 
by t 
Apar 


Supplement to “* Nature,” June 18, 1927 


85 


photographs of these shadow-bands will be of value. 
Exact details of the position of the flat surface, 
whether horizontal or vertical, its direction with 
regard to north, south, etc., should be carefully 
noted. Also the actual width, rate of motion, and 
general direction of the bands on the white surface, 
and which way they move. 

The Moon’s Shadow.—This applies chiefly to 
observers who may be fortunate in occupying a hill 
station in Wales, Lancashire, or Yorkshire. The 
dense black shadow may be seen travelling over the 
landscape, and would form an interesting photo- 
graphic study wherever possible. Only snap-shots 
may be made on this, owing to the great velocity of 
the moon’s shadow over the earth’s surface. 

Landscape Colours.— Very varied descriptions 
of the remarkable changes of colour of landscape 
features have been noted during previous eclipses. 
Those provided with panchromatic plates or colour 
plates may do useful work in recording any of these 
changes. In such cases photographs of the same 
landscape under ordinary daylight conditions should 
be obtained to indicate changes due to the eclipse. 

Spectroscopic Photographs.—So far we have only 
considered the photography of the eclipsed sun as a 
picture. There must be many observers who could 
photograph the spectrum of the phenomenon, and 
quite valuable records may be made with simple 
equipment. Either a prism or diffraction grating 
may be used, adjusted in front of the camera lens. 
In general this will involve some deviation of the 
pointing of the camera, which will have to be 
directed away from the line of the sun by an angle 
equal to the deviation produced by the prism. etc. 
Prisms and gratings can, however, be obtained 
which are arranged to give direct vision, and in 
such cases the procedure is exactly the same as with 
the camera lens alone. Very good results can be 
obtained with the replica gratings produced by the 
Thorp process, an additional feature being their 
relatively small cost comp&red with that of an 
original ruling on speculum metal. The photo- 


graphic manipulation is identical with that for. 


ordinary pictures, except that it is scarcely worth 


using any except panchromatic plates, which will 
record the whole of the visible spectrum. 

Time Records of Exposure.—The scientific value of 
any records obtained will be greatly enhanced if the 
instants of exposure are noted as accurately as 
possible. The track of the eclipse passes through 
such populated areas that few observers will be 
far away from some place where it should be possible 
to get facilities for listening to the standard time 
signals which will be broadcast from Greenwich and 
Paris. The well-known Greenwich six dots, the 
sixth indicating the time to be noted, will be broad- 
cast at 6 h., 6h. 15 m. and 6h. 30 m. a.m. British 
summer time on June 29. (The latest arrangements 
for the broadcast time-signals will be found in “‘ Our 
Astronomical Column.”’) Perhaps it would be a 
general convenience if the present 1.0 P.M. signals 
from Big Ben (12.0 G.M. noon) were given as Green- 
wich dots for the week preceding the eclipse. The 
Paris Observatory is also broadcasting from the 
Eiffel Tower (FL) rhythmic and other time signals 
specially for the eclipse on both spark and con- 
tinuous wave. 

Any records which can be made to the nearest 
second will be comparable in accuracy with the 
determinations of actual beginning and ending of 
the eclipse itself. 

To summarise briefly : 

(1) Arrange for a steady support for the camera 
directed to the sun, special care being taken if there 
should be a high wind. 

(2) Provide the camera with a lens of as large a 
relative aperture as possible. 

(3) Use rapid plates, preferably panchromatic,with 
a light-yellow screen, and have the plates backed. 

(4) Exposures should be from snap-shot to about 
10, 15, or 20 seconds for cameras up to 20 inches 
focal length. For longer cameras it is better to 
confine exposures to about 5 seconds, except in the 
case of clock-driven instruments. 

(5) For clock-driven apparatus take three 
exposures: snap for prominences at beginning, 
15 to 20 seconds during totality for corona, and 
snap for prominences at end of total phase. 


Radio Telegraphy and 

INCE 1912 observations have been made from 

\) time to time on the effect of solar eclipses 
on wireless signals. Up to 1925, however, the data 
obtained from the observations made was untrust- 
worthy and contradictory, the reason for this 
being that the observations depended on estimates 
by the ear of the intensity of signal strength. 
Apart also from the absence: of accurate and 


the Eclipse of the Sun. 


suitable measuring apparatus, it is only in recent 
years that the mechanism of the propagation of 
waves round the earth has been understood to a 
sufficient extent to indicate the type of observa- 
tion likely to yield positive results. The path of 
totality of the eclipse which took place on Jan. 
24, 1925, crossed the United States, and the 
opportunity was then taken of arranging for a 
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network of observing stations on a comparatively 
large scale. At several of these stations galvano- 
meter-recording methods were employed. During 
the same eclipse, observations of the field strength 
and direction of arrival of wireless signals trans- 
mitted from America were made in Great Britain. 
By that date also the theoretical work of Eccles 
and Larmor had provided a hypothesis of wave 
propagation by which the results obtained could 
be tested. 

To understand the effect a solar eclipse is likely 
to have on wireless signals it is necessary to review 
briefly the manner by which it is now believed 
that electromagnetic waves are propagated through 
space. From any transmitting aerial part of the 
energy emitted is propagated horizontally along 
the surface of the ground and part is propagated 
in an upward direction into the atmosphere. The 
resistance of the earth has an absorbing action 
on the waves travelling over its surface. This 
absorption is least with long waves, and becomes 
very great in the case of what are known as ultra- 
short waves, that is, waves below, say, 100 metres. 
Owing to various cosmic influences, particularly 
radiation from the sun, the earth’s atmosphere is 
ionised. During the daytime ionisation occurs at 
comparatively low levels, but with sunset re- 
combination takes place in portions of the atmo- 
sphere where the gas pressure is fairly large, and 
by night, only the upper atmosphere at a height 
above 70 kilometres is left in an ionised state. 

The effect of the ionisation of the atmosphere 
on electromagnetic waves has been shown by 
Eccles and Larmor to be twofold. First the 
electrons or ions present are set into vibration 
by the waves. As the electrons move they set 
up small electromagnetic waves out of phase with 
the original wave. The combination of the electric 
forces of these two waves causes the upper portions 
of the waves to appear to travel with a greater 
velocity than the lower portion, so that the 
wireless waves in the ionised medium are bent 
towards the earth. The amount of bending 
produced has been shown to depend on the intensity 
of ionisation and upon the square of the wave- 
length. Larmor has shown, however, that another 
effect of the ionisation present must be taken into 
account. This factor is the loss of energy due to 
collisions between electrons and gas molecules. 
This loss produces an absorbing effect on the 
waves passing through the medium, and in order 
that the effect may be small, the electrons must 
have a long mean free path ; therefore the bending 
effect on the waves can only take place in the 


upper regions of the atmosphere. It would be 
expected on this theory that the absorption due 
to the ionisation in the atmosphere would be less 
with very short waves of high frequency than 
with longer waves, since the time between a 
collision of an electron and a molecule will be 
greater than the frequency of the wave. 

The general result is that upward radiation 
from an aerial may be pictured as struggling 
upwards through the absorbing lower atmosphere 
until it reaches a level at which it is bent round 
the earth without loss, again enters the absorbing 
layers, and finally reaches the earth once more. 
At night the absorption will be less, since the 
ionisation due to sunlight in the lower levels will 
be absent. Thus in general, wireless waves are 
propagated to greater ranges at night except in 
the case of extremely short waves, less than, say, 
16 metres, the frequency of which is so great that 
the absorbing action is small, and a considerable 
intensity of ionisation is necessary to bend them 
round the earth. Such very short waves will 
therefore travel better by day than by night. It 
will thus be seen that, at short distances, a wireless 
receiver will be affected chiefly by waves which 
are directly transmitted along the earth’s surface 
or through the lowest levels of the atmosphere ; 
at intermediate distances the received signal will 
be the resultant of the direct ground wave and a 
wave travelling by the upper atmosphere; while 
at very long distances the effect on the aerial will 
be solely due to waves travelling through the upper 
layers of the atmosphere. 

It follows from the above that the general effect 
of a solar eclipse should be similar to that of a 
sudden and very rapid sunset, followed by a 
sunrise. As the moon’s shadow sweeps through 
the atmosphere, a recombination of the ions 
present will take place, with the result that the 
agencies producing the bending and absorption 
of the waves become confused and unsettled. 
A short time later, however, the lower atmosphere 
becomes clear of ions and night conditions prevail 
until the shadow passes on. The effect on the 
intensity of wireless signals during the eclipse 
should therefore be first a decrease in the average 
intensity followed by an increase. Broadly speak- 
ing, this was the result generally obtained in the 
1925 experiments. The relative and absolute 
amplitudes of the drop and rise in signal strength 
were found to depend, however, on the position 
of the transmitting and receiving stations to the 
path of the shadow and on the wave-length used 
in the observations. 
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It appeared to the Radio Research Board of 
the Department of Scientific and Industrial 
Research that it was desirable that every endeavour 
should be made to use the opportunity offered by 
the eclipse on June 29 next for carrying out 
further observations on its effect on radio tele- 
graphy. After discussion with other interests 
involved, a programme of observations has been 


drawn up which it is hoped will yield useful results. . 


A point brought to the notice of the Board by 
Dr. E. H. Rayner, of the National Physical 
Laboratory, which has not previously been taken 
into account in eclipse observations, is that, as 
the altitude of the sun is low, the line on the earth’s 
surface vertically over which that portion of the 
ionised layer lies in which the bending of the wireless 
waves probably takes place, is about 100 miles 
to the south-east of the line of totality on ground 
level. In the experiments to be carried out this 
fact is being borne in mind. In one set of experi- 
ments which are to be carried out under the 
supervision of Prof. E. V. Appleton, observations 
will be made by photographic recording apparatus 
on wireless signals crossing the line of ground 
totality—transmitted from Newcastle and received 
at Liverpool. Similar simultaneous observations 
will be made on transmissions from a station to 
the south of the ground totality line and received 
at the Radio Research Station at Peterborough. 

The object of the experiments is in particular to 
investigate the height at which the bending of the 
waves by the ionised layer takes place during the 
eclipse and to endeavour to note the changes in 
the height of this layer. The method to be used 
is that described by Prof. Appleton in his paper 
in the Proceedings of the Royal Society (vol. 109, 
A, p. 621, 1925), whereby the wave-length of the 
transmitting station is varied through a small 
known amount (for example, 5-10 metres) in a 
given time (for example, 10-30 seconds), and the 
height of the layer is calculated by counting the 
number of interference fringes produced by the 
interference of the ground and atmospheric rays. 
The number of fringes produced depends on the 
path difference between the rays. From this 
number a simple calculation gives the height at 
which the bending of the rays takes place. It has 
been possible to arrange for the necessary trans- 
missions for these experiments by co-operation 
with the British Broadcasting Corporation. 

In connexion with previous work of the Radio 
Research Board, long-wave signal-strength measur- 
ing apparatus has been developed by Mr. J. 
Hollingworth and installed at the Radio Research 


Station at Slough, at the University of Aberdeen, 
and at University College, Exeter. This apparatus 
will be employed for accurate signal-strength 
measurements on long-wave stations during the 
eclipse. The distance at which the ionisation of 
the atmosphere comes into play is greater in the 
case of long waves than with short waves. The 
necessary transmissions for observations on long 
waves are, accordingly, being arranged from con- 
tinental stations under the auspices of the Union 
Radio - Télégraphique Scientifique Internationale. 
Long-wave intensity observations are also to be 
carried out with the apparatus developed by Prof. 
E. W. Marchant at the University of Liverpool. 

Recent research has shown that the variable 
errors in radio direction-finding are due to the 
interaction of the magnetic fields of the ground 
and atmospheric waves. Under certain conditions 
these two forces give a resultant magnetic field 
not at right angles to the direction of the trans- 
mitter, and therefore an error in radio direction- 
finding apparatus is produced. The direction of 
the magnetic field of the atmospheric wave depends, 
it is believed, on the ionisation of the upper atmo- 
sphere and on the relation of the direction of 
transmission to the magnetic field of the earth. 
To test this explanation of directional errors, 
observations are to be carried out by a network 
of direction-finding stations observing trans- 
missions from the London and Manchester broad- 
casting stations. Finally, accurate records of the 
intensity of atmospherics on a selected wave- 
length and of the direction of arrival of individual 
atmospherics are to be made at the Radio Research 
Station, Slough, and in Scotland. 

In addition to the above experiments, which 
are being carried out directly under the super- 
vision of the Radio Research Board, the Radio 
Society of Great Britain is arranging for observa- 
tions by its members on transmissions on 90 
metres from a station at Caterham and on trans- 
missions on 100 metres from a station in Iceland. 
Arrangements are also being made for transmissions 
on 23 metres and on a wave-length between 44 
and 46 metres. These two latter stations will be 
situated one to the north and one to the south 
of the line of totality on the ionised layer. 

A difficulty which presents itself in connexion 
with the present eclipse is that totality takes 
place so early in the morning that ordinary sunrise 
effects may not have entirely ceased and may mask 
to some extent the eclipse effects proper. In 
order to prevent the confusion of any eclipse 
effects with those due to other causes, all the 
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observations proposed will be carried out on the 
mornings of the two days preceding the eclipse 
and on the two days following, in addition to the 
actual morning of the eclipse. The transmissions 
on which observations are made will extend for a 
period of two to four hours on each of these days. 


How far the results of the experiments proposed 
will be valuable in checking present hypotheses 
of the propagation of wireless waves or in providing 
new information on this subject cannot, of course, 
be definitely stated beforehand. 

O. F. B. 


Astrophysical Eclipse Problems. 
By Prof. H. Dinee. 


F direct observation of the sun were our only 
means of investigating the form of our 
luminary, we should learn little more than that it 
is an incandescent rotating sphere. The spectro- 
scope makes possible the beginnings of a struc- 
tural analysis by revealing an absorption spectrum 
—that is, a continuous spectrum crossed by 
relatively dark lines. This assures us that, broadly 
speaking, the sun consists of two portions—an in- 
terior responsible for the continuous spectrum, and 
an atmosphere the constituents of which selectively 
absorb‘ some of the light of the interior, each 
according to its kind. Whatever can be learnt 
from the continuous spectrum characterises the 
interior, while the study of the dark lines—the 
Fraunhofer lines—is the study of the atmosphere. 
In the ordinary solar spectrum, of course, both 
continuous and dark line spectra appear together. 
Neither can be obtained, in the first instance, 
apart from the other, so that the separate analysis 
of ‘ interior ’ and ‘ atmosphere ’ is greatly compli- 
cated. Some measure of success has nevertheless 
been achieved ; for example, the effective tempera- 
ture corresponding to the light from the interior 
has been determined from the continuous spectrum, 
while the spectroheliograph affords some know- 
ledge of the distribution of a few types of atom in 
the solar atmosphere. But on the whole it may 
be said that the inevitable association, in the 
ordinary solar spectrum, of the atmospheric lines 
and the photospheric background is a great 
hindrance to the complete study of the respective 
regions of the sun—and particularly that of the 
atmosphere. 

Observations of the sun’s limb, where the atmo- 
sphere might be expected to appear alone and 
to show a bright line spectrum, reveal only that 
it is too thin (in angular measure) to do so. Even 
the spectroscopic method devised independently 
by Lockyer and Janssen in 1868 shows only the 
higher reaches of the atmosphere at the limb, and 
it was not until 1896 that it was finally established 
that there exists a bright line limb spectrum at 
all comparable with the Fraunhofer lines. Since 
that time the long-focus instruments at the Mount 


Wilson Observatory have given images of the sun 
with sufficient depth of atmosphere for the bright 
line spectrum to be observed, but when produced 
in this way the lines are still encumbered by the 
Fraunhofer spectrum, and the facilities afforded 
for detailed study of the solar atmosphere leave 
much to be desired. Only during a solar eclipse, 
when the photosphere is at least partly obscured 
by the moon, can a pure atmospheric spectrum be 
obtained, so that for our knowledge of the structure 
of the sun’s atmosphere—the solar meteorology, 
as it may be called—we still rely mainly on eclipse 
observations. 

Three aspects of the bright line, or ‘ flash’ 
spectrum, are studied in modern eclipse research ; 
namely, the wave-lengths of the lines, their relative 
intensities, and the distribution in the solar 
atmosphere of the atoms or ions responsible for 
them. It appears probable that the determination 
of wave-lengths will in future be attempted only by 
the method described below (p. 91) by Prof. Fowler, 
for which totality is not necessary. It need not, 
therefore, be referred to here except to point out 
its uses in the identification of the lines and the 
recognition of disturbing influences in the event 
of displacements being established with respect 
to terrestrial standards or the Fraunhofer spectrum. 
Two facts must be borne in mind in this con- 
nexion. First, the Fraunhofer spectrum is observed 
more or less radially, and the flash spectrum tan- 
gentially, so that there may be differences in the 
thickness and state of motion of the regions of the 
atmosphere observed ; secondly, the lowest layers 
of the atmosphere can be observed only through 
an envelope of the higher layers, and any difference 
of wave-length at different levels will broaden the 
lines and possibly give rise to unsymmetrical 
reversals when the lines are examined micro- 
photometrically. 

The question of the relative intensities of the 
lines has greatly increased in importance with the 
development of modern spectroscopic theory. It 
is intimately bound up with the question of the 
distribution of atoms and ions in the sun’s atmo- 
sphere ; for the intensity of a spectrum line depends 
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both on the number of atoms of the proper kind 
which are present, and on the physical conditions 
tending to make them emit that particular line. 
It is necessary, therefore, not only to compare the 
relative intensities of different lines, but to in- 
vestigate also the variation in intensity of each 
line in different regions of the atmosphere. Since 
it is only the atmosphere at the limb which is 
being studied, this is equivalent to a determina- 
tion of the variation of intensity along each line, 
supposing a radial or tangential slit to be em- 
ployed. 

This investigation is attended by considerable 
difficulties. Not only is there the complication 
already referred to (namely, that the ends of the 
lines representing the lowest levels may contain light 
from the higher levels also), but also the diffused 
light in the earth’s atmosphere tends to fill the slit 
and make the distribution of light in the spectrum 
line differ from that in the corresponding regions 
of the sun’s atmosphere. This effect is very pro- 
nounced in misty weather, and on such occasions, 
when a radial slit has been used, bright lines have 
been observed to extend even over the whole 
diameter of. the dark moon. Objective prism 
spectrograms (i.e. spectrograms obtained by plac- 
ing a prism before the object glass of an astro- 
nomical telescope, and using neither slit nor colli- 
mator) in which each ‘ line’ is a crescent image of 
the region of the solar atmosphere emitting the 
corresponding wave-length, do not suffer from this 
defect, for the diffused light, entering the telescope 
from all directions, is simply spread over the photo- 
graphic plate to produce an imperceptible fogging. 
In these spectra the lengths of the arcs measure 
the heights in the sun’s atmosphere reached by 
the corresponding emitting sources, but irregular- 
ities in the moon’s limb and other interfering 
agencies invest the results with a considerable 
amount of indefiniteness. All photographic methods 
of attacking this problem have to cope with the 
further difficulty of non-uniform sensitivity of the 
plates to light of different wave-lengths ; thus, two 
lines of the same length in different parts of the 
spectrum do not necessarily arise from emitting 
sources similarly distributed in the sun’s atmo- 
sphere. Results obtained from many eclipses will 
have to be carefully analysed and compared before 
trustworthy conclusions in any degree of complete- 
ness can be reached. 

The beautiful photographs obtained by Merfield 
at the eclipse of. January 1926 suggest that the 
method employed by him (it was in part proposed 
also by Lockyer in 1896, but clouds prevented the 


trial) might yield valuable results. It consists in 
photographing an objective prism flash spectrum 
on a plate moving uniformly at right angles to the 
direction of dispersion, immediately in front of 
the plate being a narrow slit, lying along the 
spectrum, so as to reduce the instantaneous image 
of each ‘ are’ practically to a point. The resulting 
spectrum then appears as a set of parallel lines of 
various lengths, and it is proposed to determine 
the heights reached by the corresponding emitting 
sources from a measurement of the rate of change 
of intensity along the lines. It remains to be seen 
what degree of success the method is capable of 
yielding when the actual determinations have been 
made. 

When the general distribution of the various 
types of atom and ion in the solar atmosphere has 
been reliably determined, the application of recent 
spectrum theory will give much information con- 
cerning the physical conditions existing there. A 
particular investigation of this character is being 
undertaken on June 29, in which attempts will 
be made to- determine the relative intensities in 
the chromosphere of the Cat diffuse ‘doublet’ 
at AA8498-8662 in the infra-red, and the bright 
counterparts of the well-known H and K Fraun- 
hofer lines in the violet. The result should have 
considerable significance in connexion with the 
theory of the calcium chromosphere proposed by 
Milne. Photographs extending still further into 
the infra-red, up to about 15,000, are also to be 
attempted. 

These eclipse researches into the constitution of 
the sun’s atmosphere are of great interest and im- 
portance, but they must always play second fiddle 
to the study of the corona, because it is only during 
a total eclipse of the sun that the corona can be 
observed at all. The investigations referred to 
above are greatly facilitated by the intrusion of 
the moon, but they could be carried out in some 
manner if the moon did not exist. (It must not 
be forgotten, however, how much the methods 
employed on the uneclipsed sun owe to knowledge 
gained originally from eclipse observations.) But 
if there were no moon, or if the moon were slightly 
farther from the earth than it is, we should not 
to this day suspect even the existence of the 
corona. It is obvious, therefore, that whatever 
else may be neglected at a total eclipse, all possible 
information must be obtained with regard to the 
corona. 

Our absolute knowledge of the corona may be 
summed up very briefly. It is an intricate solar 
envelope the form of which varies with the phase of 
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the sunspot period, while its light, which is partly 
polarised, consists of a combination, in varying 
proportions, of unknown bright lines, continuous 
spectrum, and Fraunhofer spectrum. Consider- 
ing that the corona is observable, on the average, 
for at most about three minutes every two years 
or so, it is not surprising that our knowledge of it 
is so rudimentary. Single observations have no 
definitive value ; they need confirmation at sub- 
sequent eclipses. In the case of the corona they 
have perhaps more often been contradicted, so that 
uncertainty exists whether the observations are 
at fault or whether the corona has changed. In 
these circumstances progress is necessarily slow, 
and many records must be accumulated before 
conviction can be reached. 

A record, as complete as possible, of the form of 
the corona at each observable eclipse has been kept 
for some years, and must of course be continued 
indefinitely. In time this should reveal any 
obvious periodic changes of form or structure which 
may exist in addition to the already known 
relation with the sunspot period. The connexion 
between the corona and the solar prominences 
might also be elucidated from such a record. The 
difficulties, however, are enormous, for not only 
are there long gaps between successive photo- 
graphs or drawings, but also at each eclipse the 
coronal light seen is at each point an unanalysable 
integration of light emitted along a chord of the 
coronal shell, and does not represent a simple plane 
section of the shell. The changes in the form of 
the corona appear to be slow. Attempts have 
been made to detect them by observing the same 
eclipse near sunrise and sunset, but the results 
are inconclusive. Further attempts are desirable. 
For such observations to be successful there must 
be convenient sites near the two ends of the belt 
of totality and the sun must be unclouded at both 
stations—a combination of circumstances which 
very rarely occurs. 

The total light of the corona still awaits a satis- 
factory determination. It no doubt varies from 
one eclipse to another, and might be correlated 
with the sunspot period. Still more important, 
perhaps, is the law of variation of light with 
distance from the sun’s limb. Several widely 
differing formule have been proposed, and here 
again there are probably changes from one eclipse 
to another. The heat radiation of the corona was 
measured by Abbot in 1908, but further deter- 
minations would be of much value. The very 
delicate apparatus designed by Callendar for use 
in the 1905 eclipse, which was spoilt by clouds, 


might give valuable results in this direction of 
research. 

The spectrum of the corona and its connexion 
with the sunspot period are as yet very imperfectly 
understood. The portion of the light which gives 
a Fraunhofer spectrum comes from the middle 
and outer corona, and is undoubtedly reflected or 
scattered sunlight. Experiments on the amount 
and kind of polarisation of this light at different 
distances from the sun’s limb are necessary to 
afford an insight into the mechanism of the 
reflection or scattering, and hence into the physical 
constitution of the corona. Such experiments 
have been made at many previous eclipses, but 
the difficulties of interpreting the results are so 
great that further investigations by the most 
trustworthy methods are necessary. The con- 
tinuous spectrum of the imner corona may also 
be due to photospheric light, but there are 
reasons for thinking that it originates in the 
corona itself. Confirmation is difficult, but the 
evidence most obviously necessary is that of 
the curve of distribution of energy throughout the 
spectrum. 

The line spectrum of the corona offers perhaps 
the largest field for investigation. None of its 
lines has yet been recognised in the laboratory, and 
its composition is very uncertain. Much progress 
has been made in disentangling it from the chromo- 
spheric spectrum, but finality has not yet been 
reached, and the faintness of the spectrum makes it 
almost certain that the present lists of lines are 
far from complete. Variations in the relative 
intensities of the lines at different eclipses suggest 
that it is a superposition of two or more spectra. 
Several attempts, on numerical as well as observa- 
tional bases, have been made to classify the lines 
into groups, but the results so far are not con- 
sistent. The spectrophotometric measures initi- 
ated by the British expedition to Sumatra in 
January 1926 indicate a promising method of 
classification in terms of the variation of intensity 
along the lines. When such data have been 
obtained at a number of eclipses, accidental 
similarities can be eliminated and possibly definite 
conclusions arrived at. 

The precise wave-lengths of the coronal lines 
are important for both laboratory identification 
and measurement of motions in the line of sight. 
There is so little agreement as yet between the 
various sets of measures available that further 
determinations with the highest possible degree of 
accuracy are of the greatest importance. It may be 
hoped that Prof. Fowler’s experience this month 
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with high - dispersion photographs of the ‘ flash ’ 
spectrum will show that the same method is prac- 
ticable with the corona—at least so far as the 
brighter lines are concerned. The line spectrum 
of the corona appears to be relatively brighter at 
maximum than at minimum of the sunspot period, 
so that the coming eclipse should be favour- 


able for the various investigations connected 
with it. 

It will be realised that the outstanding astro- 
physical eclipse problems are ‘ many and various.’ 
We may reasonably hope that, granted fair weather, 
our English eclipse will lead to important exten- 
sions of our knowledge of the sun. 


Spectroscopic Observations during a Partial Eclipse of the Sun. 
By Prof. A. Fowuer, F.R.S. 


i is common knowledge that the chromosphere 
and prominences which surround the visible 
surface of the sun cannot be seen in the telescope 
at ordinary times because they are less bright than 
the diffused light of the sky on which they are 
superposed. They can, however, be observed by 
combining the telescope and spectroscope in the 
manner discovered by Lockyer and Janssen in 1868. 
The spectroscope being adjusted on the bright red 
line of hydrogen (Ha), and an image of the sun being 
focussed tangentially to the slit, the diffused sky 
light is spread out into a continuous spectrum 
(crossed by dark lines) and is thereby so much 
reduced in intensity that the bright hydrogen line 
from the chromosphere, or from a prominence, 
becomes easily visible. To see the actual forms 
of the chromosphere and prominences, it is only 
necessary to open the slit rather wide. 

Other bright lines besides Ha, including the yellow 
line of helium, D;, and the hydrogen line HP, may 
be observed in the same manner, but they are not 
numerous when instruments of moderate size are 
employed. Spectroscopic observations with large 
telescopes at ordinary times, or with ordinary instru- 
ments during total eclipses, however, have shown 
that as the sun’s edge is approached the bright line 
spectrum increases in complexity and finally exhibits 
a multitude of bright lines which originate in a region 
extending less than two seconds of are above the 
photosphere, the apparent diameter of the sun being 
nearly two thousand seconds of arc. 

When observations are made near the central line 
during a total eclipse, the spectrum of this shallow 
layer suddenly bursts into view at the beginning of 
totality, and almost as quickly disappears ; it 
reappears for two or three seconds just before the 
end of totality, at the point of contact of the sun 
and moon. On account of its brief duration under 
these conditions, the spectrum of this shallow layer 
which surrounds the sun has been called the ‘ flash 
spectrum,’ and the layer itself the ‘ flash stratum.’ 
It is here that a large proportion of the absorption. 
which produces the dark Fraunhofer lines of the 


ordinary solar spectrum takes place, and the flash 
stratum is accordingly also known as the ‘ reversing 
layer’ of the sun. 

Overlying the reversing layer, but not sharply 
divided from it, to a total height of about ten 
seconds of arc above the photosphere, is the chromo- 
sphere. This has not a smooth continuous surface, 


Hy He He Hg Hy 


Cat 
Fig. 1.—F lash spectra: portion of the first large plate taken with a 
6-in. prismatic camera in India, 1898. By Prof. A. Fowler. 


but is roughly serrated, and the prominences, which 
are sometimes very brilliant and reach to enormous 
heights, rise out of the chromosphere. 

On ordinary occasions, with telescopes of 
moderate size, it is not possible to observe the 
spectrum of the reversing layer, because of the 
‘ boiling ’ due to atmospheric tremors, which blends 
the bright lines from the thin stratum with the 
brighter spectrum of the edge of the sun’s disc. 
Occasionally, however, there is a disturbance at 
some place near the sun’s limb, and the reversing 
layer may then be so far elevated that a large 
number of bright lines can be differentiated from 
the photospheric spectrum. With the large instru- 
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ments available at the Mount Wilson Observatory, 
bright lines have been photographed in large 
numbers without an eclipse, but even here the 
flash spectrum is somewhat confused by that of 
superposed sunlight. 

It is during total eclipses of the sun that the flash 
spectrum can be most effectively observed. The 
reversing layer is then revealed for a brief time on 
a comparatively dark background, with no inter- 
ference from the bright disc of the sun. Its spec- 
trum has frequently been successfully photographed 
by the use of slit spectrographs of ordinary type, 
and by the use of prismatic cameras or slitless 
spectroscopes. With the latter form of spectro- 
graph a spectrum taken near the beginning of 
totality consists of a succession of curved images 
of the portions of the chromosphere and reversing 
layer visible at the moment of exposure, each repre- 
senting a spectrum line, and having a length 
depending on the height of the gas or vapour which 
produces it. The nature of such photographs will 
be gathered from Fig. 1, which reproduces a small 
part of a plate containing ten such spectra taken at 
intervals of about one second, beginning a few 
seconds before the commencement of totality in 
India in 1898. In these photographs the reversing 
layer is represented by the numerous short arcs 
which appear in the middle of each spectrum, and 
the chromosphere by the longer arcs, among which 
those of calcium H and K, hydrogen and helium are 
very conspicuous. The bright streaks of continuous 
spectrum originate from specks of the sun’s disc 
which were visible through irregularities in the edge 
of the moon. 

Such photographs bring out many important 
features of the bright line spectra, but for various 
reasons they do not yield wave-lengths of a high 
degree of accuracy. Excellent photographs have 
also been secured with slit spectrographs, but in 
observations during totality, the dispersive power 
which can be utilised is limited by the short 
duration of the phenomena. 

In order to obtain an increased duration of the 
flash spectrum, Evershed, in the eclipse of 1900, 
selected a station near the edge of the zone of 
totality. In these circumstances it will easily be 
understood that the dark moon must glide tangenti- 
ally with respect to one point on the sun, so that the 
flash spectrum can be effectively observed near that 
point for a considerably longer time than from a 
place near the central line. Thus, using a prismatic 
camera, Evershed succeeded in obtaining good 
photographs of the flash spectrum during a period 
of about half a minute, and the illumination of the 


sky throughout this period was sufficiently reduced 
to allow of the fainter lines being registered on the 
plates. 

Observations of the large partial eclipse which 
was visible in England on April 17, 1912, indicated 
another means of observing the flash spectrum for 
a comparatively long time, and suggested that 
photographs might be taken with instruments of 
large dispersion, comparable with those used for 
the sun itself. This possibility is opened up by the 
fact that at the cusps of the partially eclipsed sun 
the flash and chromospheric layers project to a 
greater distance than their radial depths. This will 
readily be understood from the diagrammatic 
representation in Fig. 2. 


At South Kensington the magnitude of the 


Fia@. 2. 


eclipse of 1912 at central phase was 0-92, and visual 
observations by Fowler showed that the flash 
spectrum could be effectively observed at the cusps 
during about thirty minutes. Some gain in visi- 
bility of the bright lines was first noted when the 
magnitude of the eclipse was 0-55, while the appar- 
ently complete flash spectrum was visible when the 
magnitude of the eclipse was 0-8 or greater (Monthly 
Notices, R.A.S., 72, 538). Similar observations 
were made at Cambridge by Prof. Newall (Monthly 
Notices, R.A.S., 72, 536). 

In view of these observations, it seems possible 
to employ spectrographs of greater power than any 
hitherto used in eclipse work, and to impress com- 
parison spectra for the accurate determination of 
wave-lengths. It may thus be hoped to obtain 
data for the investigation, among other things, of 
possible small displacements of the bright lines such 
as are already known in connexion with the 
Fraunhofer lines. 

Itwas intended to make this experiment in Russia 
on Aug. 21, 1914, but owing to the outbreak of the 
War the expedition had to be abandoned, and the in- 
struments were not returned to England until 1924. 
It is now planned to employ practically the same 
equipment during the eclipse of June 29 this year. 
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Although slightly better conditions might be 
obtained by the occupation of a station somewhat 
nearer the central line of eclipse; the instruments 
are being erected on the roof of the Imperial College 
of Science at South Kensington. The magnitude of 
the eclipse there at central phase will be 0-96, and 
the experience of 1912 indicates that this will be 
ample for the purpose in view. Any advantage 
likely to be gained by going farther north would, it 
is thought, not sufficiently compensate for the loss 
of the facilities afforded by the College laboratories 
and workshops. Prof. Sampson has also taken this 
view and will attempt similar work at the Royal 
Observatory, Edinburgh, where the greatest magni- 
tude of the eclipse will be 0-98. 

A large partial eclipse also provides a very favour- 
able opportunity of investigating the spectrum of 
the sun near the limb. The observations at Mount 
Wilson have already shown that this spectrum 
differs very considerably from that given by the 
centre of the disc, but observations during a large 


partial eclipse may have the advantage that there 
will be no scattered light from the central parts of 
the disc superposed on the light emanating from 
near the sun’s edge. 

The spectrograph to be employed at South 
Kensington has a concave grating of 10 feet radius 
in an Eagle mounting, and will be adjusted for 
the second order spectrum so as to avoid undue 
astigmatism. An image of the sun about 2 inches 
in diameter will be formed in the plane of the slit 
by a 6-inch objective, which will receive light from 
a coelostat after reflection from a second mirror. 
Adjustments are provided for maintaining the 
image of a cusp on the desired part of the slit, 
and it is expected that the exposures required 
will not be so:long as to cover an undesirable 
range of solar latitude as the cusp changes its 
position on the sun. The requisite astronomical 
data for South Kensington have been specially 
computed by Dr. L. J. Comrie of the “ Nautical 


Almanac ”’ Office. 


The Forms of the Solar 


Corona and their Origin. 


By Dr. J. 8. Lockyer. 


i is only during total solar eclipses, when the 
moon comes exactly between the earth and 
the sun, and cuts off all the brilliant light of the 
disc, that an outer solar atmosphere of an exquisite 
pearly hue known as the ‘corona’ is revealed. 
Without such eclipses, this atmosphere, even with 
the aid of any of the great and ingenious optical 
means available to-day, would still be unknown. 
The corona is of very considerable extent, far 
exceeding, in proportion to the size of the solar 
disc, that of our own in relation to the size of the 
earth. 

It is well known that the form of the corona 
varies in shape and brilliancy very considerably. 
Sometimes the form is very irregular, the coronal 
matter being extensively distributed all round the 
solar disc, embracing both the solar poles and the 
equator. This form is termed ‘ polar,’ ‘ irregular,’ 
or ‘maximum,’ as coronal streamers are situated 
near the solar poles (Fig. 1). 

On other occasions the polar regions are con- 
spicuous by the complete absence of streamers, 
and in their place beautifully curved rifts or 
plumes are seen, the long streamers being restricted 
more to the equatorial regions. This type of 
corona is termed ‘ equatorial’ or ‘ minimum,’ and 
is sometimes referred to as of a ‘ wind-vane ’ form, 
as it resembles this object (Fig. 2). 

Finally, there is a third and also very pronounced 


shape which is intermediate between the above 
two forms. This is termed the ‘ intermediate ’ 
type or ‘square’ corona. In this case the streamers 
are generally concentrated in mid-solar latitudes, 
leaving the poles and equator comparatively free 
from any large coronal extensions. 

The use of the terms ‘maximum’ and ‘ minimum’ 
with regard to the shape of the solar corona referred 
to the epochs of sunspot maximum and minimum, 
and it suggested a connexion with the periodic 
variation in the spotted area of the sun’s surface. 
Until a few years ago, it was generally concluded 
that sunspots were therefore the origin of the 
coronal forms, and their waxing and waning was 
reflected in the changes of these forms. 

Sunspots, however, do not appear at or any- 
where near the solar poles; the highest latitude 
they ever attain is only 45°, and then they are only 
of very small area. On the other hand, large 
coronal streamers and prominent rays are some- 
times situated in very high latitudes ; in fact, at 
times they are very near or at the poles, and con- 
sequently quite outside the regions of spot activity. 

Moreover, at the epochs of greatest spotted area, 
the mean latitude of spots is only about 18°; yet 
it is precisely at about those epochs that the 
coronal streamers appear at the poles, and the 
coronal forms are described as ‘maximum’ or 


polar.’ 
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These facts suggested to me in 1903 that the 
prominences, which are not only very important 


Fic. 1.—Solar corona, Aug. 30, 1905.°’Maximum type. Exposure 20sec. By C. R. Davidson. 
By permission of the Astronomer Royal. 


disc, but are ‘strictly confined to a belt which lies 
approximately between latitudes 45° and 5° on 


both sides of the equator. Sun- 
spots, therefore, never occur at 
or near the solar poles. The 
mean yearly positions of these 
belts are shown in the third series 
of curves illustrated in Fig. 3. 
The latitudes of sunspots are 
closely associated with sunspot 
frequency. When there are most 
spots their mean latitude is about 
18°: when there are fewest spots 
their mean yearly latitudes are 
about 22° and 8°. The formation 
of high latitude spots near a sun- 
spot minimum heralds the com- 
mencement of a new cycle of 
spot activity. 

In the case of solar promi- 
nences, their appearance waxes 
and wanes very closely with the 
sunspots, as is indicated in the 
second curve of Fig. 3. When 
there are numerous spots there 
are many prominences, and vice 
versa. There is, however, a very 
big difference between their be- 
haviour as regards solar latitude. 
Prominences can occur in any 


factors in the mechanism of the solar atmosphere, part of the sun, and they can be as large and con- 


but also can and do appear in all solar latitudes, 


might be directly responsible for 
these changes of form of the 
corona. 

The crucial test resolved itself 
into demonstrating that the 
epochs of the occurrence of all 
those forms of the corona which 
exhibited streamers at or near the 
solar poles should be coincident 
with those epochs when promi- 
nences were known to be in very 
high latitudes. To do this it was 
necessary to study all the trust- 
worthy data relating to the more 
modern records of solar activity. 

It is well known that the area 
or number of the spots on the 
sun varies from year to year, 
and that about every eleven years 
or so this number reaches a maxi- 
mum value. Thiscyclical change 


of spotted area is shown at the top of Fig. 3. 
Sunspots are not formed on all parts of the solar 


Fig. 2.—Solar corona, Mav 28, 1900. 


spicuous at the poles as they may be at the equator. 


Minimum type. Exposure 30sec. By E. E. Barnard. 


To illustrate the striking difference between the 
extent of latitudes covered by spots and promi- 
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nences, the accompanying diagram (Fig. 4) has been 
made showing this distribution for the years 1892, 
1893, and 1894, the year 1893 being a year of sun- 
spot maximum. 

The central vertical line represents the solar 
equator or latitude 0°, and the black areas on 
each side of it indicate the areas of prominences 
for each of the three years (all drawn to the same 
scale) plotted for every five-degree zone of latitude 
on the scale given at the bottom for both north and 
south solar latitudes. It will be seen that pro- 


compared with that of the prominences, and in the 
second place, that the zones of maximum spotted 
area, in these years about sunspot maximum, lie 
within 20° of latitude on either side of the equator. 

A study of the fourth series of curves in Fig. 3 
shows that when prominences are at their maximum 
frequency they occur in two zones, the mean 
yearly latitudes of which are about 70° and 25°. 
When they are fewest in number their mean yearly 
latitude is about 40°. This cyclical change of 
latitude from year to year is shown in the diagram. 
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Fig. 3.—Diagram showing the relationship between the different forms of the corona and the latitudes of prominences. 


minences are distributed in all solar latitudes in 
these years, and in some cases are very pronounced 
in high solar latitudes in both hemispheres, as 
indicated by the pronounced peaks in the area 
curves. 

The smaller white areas represent the areas of 
sunspots for the same years. They are all drawn 
to the same horizontal scale as regards latitude 
distribution as the prominences, but the vertical 
scale for their areas, while the same amongst them- 
selves, is different from that of the prominences. 

The diagram clearly shows, in the first place, the 
insignificant distribution of the spots in latitude 


Thus while the epochs of sunspot and prominence 
maxima are practically coincident, the spots at 
these times are most active in latitude about 18°, 
while prominences exhibit their greatest activity 
in about latitudes 70° and 25°. 

Now from the prominence curves for both 
hemispheres it is quite easy at a glance to distin- 
guish the years when these phenomena attain high 
latitudes, such as 60° or more. The question is, 
do these years pick up those cases in which the 


corona has been observed, and described as of 


‘ polar,’ ‘ irregular,’ or ‘maximum’ type ? 
To answer this question easily, the various forms 
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of the corona, as recorded by different eclipse 
observers since the time of routine prominence 
observations first began, namely, in the year 1872, 
are brought together at the bottom of Fig. 3. 
Thus, for example, all the forms termed ‘ polar ’ 
are placed in the first horizontal strip in their 
respective years of observation according to the 
time-scale indicated at the bottom. All those 
designated ‘intermediate’ and ‘equatorial’ are 
also placed in lower strips at their observed years. 
It is found that a curve can be drawn through them 
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Fic. 4.—Diagram showing the distribution in latitude of prominences 
(dark areas) and sunspots (light areas) for the years 1892-94 
(sunspot maximum 1893). 


approximately resembling the sunspot and pro- 
minence curves at the top of the figure. Thus 
it is seen that the forms of the corona follow one 
another in the following sequence, namely, polar, 
intermediate, equatorial, intermediate, polar, etc. 
Comparing these coronal types with the curves 
immediately above them, it is fairly obvious that 
‘ polar ’ forms are coincident with ‘ high latitude’ 
prominences in every case except one, namely, 
in the year 1883. A re-examination of the promi- 
nence data for that year discloses the fact that their 
presence was recorded up to latitude 65° in the 
northern and 75° in the southern hemisphere ; the 
yearly curve did not, however, exhibit distinctive 


peaks in either hemisphere at those latitudes, but 
only a gradual reduction in area from the prominent 
peaks in latitudes 25° north and south. There 
were therefore high latitude prominences in that 
year, so that 1883 is no longer an exception as 
expressed above. 

It is important to point out further that there is 
no case of an ‘ equatorial ’ or ‘ intermediate ’ form 
of corona being recorded when the prominences 
were in high latitudes. 

The deduction to be made is, therefore, that it 
is only when prominences are near the solar poles 
that coronal streamers will be found there. This 
fact points clearly to the conclusion that promi- 
nences are the prime factors in the formation of 
coronal streamers. 

Limitations of space permit one only to mention 


here the fact that there is a mass of other evidence 


which can be brought to bear to show the close 
association of prominences with coronal forms, as, 
for example, the arch-forms of coronal matter so 
often recorded as being directly situated over 
large prominences, in spite of the fact that the 
material of which prominences are formed is quite 
distinct from coronal matter. 

A more detailed study of the diagram shows that 
while prominences near the solar poles are re- 
sponsible for the ‘ polar’ or ‘ irregular’ types of 
the corona, the ‘ intermediate’ forms owe their 
origin to the presence of two zones of prominences, 
and the ‘equatorial’ forms to one zone in each 
hemisphere. | 

The rhythmic nature of all the curves, as shown 
by the continuous lines, suggests that they can be 
continued for a few years without any great error. 
This has been done in Fig. 3 by means of broken 
lines! up to the year 1940, and below them are 
forecast the various forms of the corona which 
may be expected in future eclipses up to that year, 
based principally onthe probable prominence curves. 
The corona of the present year should therefore 
be ‘ polar’ or ‘ irregular,’ corresponding to a very 
disturbed state of the sun’s atmosphere. It should 
thus be irregular in form, devoid of pronounced 
polar rifts, and should be very bright. It may 
exhibit long streamers in any solar latitude. Its 
brilliancy will probably prevent any but the 
brightest stars from being seen, but on the other 
hand it lends itself very favourably to special 
studies of its composition by means of the spectro- 


scope. 


1 There have just been published the latitudes of the mean areas of 
prominences for the first half of the year 1926. This shows that the 
zones of maximum area lie at latitudes 40° and 70° in the northern and 
38° and [60° in the southern hemisphere, thus closely endorsing the 
points forecast in Fig. 3 for that year. 
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The Moon’s Shadow in Relation to the Earth on June 29. 
By Dr. E. H. Rayner. 


HE shadow of the moon, considered as a 

slightly conical cylinder about 240,000 

miles long, intersects the earth at Cardigan Bay at 

5h 23m G.M.T. At this moment the imaginary 
point of the shadow is about 1500 


before the intersection at the earth’s surface has 
arrived at Wales from the south-west. The plan 
position of the intersection at a height of 60 miles 
has been specially computed by Dr. L. J. Comrie 


miles within the earth. The aver- 
age diameter of the shadow as it 
crosses England is about 15 miles 
where it intersects the earth, 
being the value of the minor axis 
of the elliptical area of the earth’s 
surface within which the eclipse 
is total at any moment. The 
altitude of the sun being about 
11°, the major axis of the ellipse 
is four to five times as long as 
the minor axis. The azimuth of 
the sun is some 20° to the south 
of the direction of the shadow 
track ; and this, combined with 
the elliptical form, causes the 
width of the track of totality. to 
be about twice the diameter of 
the shadow cone. 


The accompanying illustration 


(Fig. 1) shows a model of the coni- 
cal shadow at 52 23™, The scale 


Fig. 1.—Three-dimensional model of shadow of the moon near the earth’s surface. 


of the model is 10 miles to the inch, which is that | on behalf of the Radio Research Board, to whom 


of the special Ordnance Survey Map. It will be 
seen that the centre line of the shadow crosses the 
east coast of England over south Yorkshire at a 


FIG, 2.—Position and orientation of England during the eclipse. 


height of about 45 miles. An important height 
from the point of view of radio transmission is 
about 100 kilometres, or 60 miles. The inter- 
section of the centre of the shadow with this level 
has therefore passed over England towards the east 


VERTEX 


NORTH POINT 157 
NORTH POINT 4™ 3 MOON 


FOURTH CONTACT 
6H 22M. 28S. 


FIRST CONTACT 
4H. 50M 3575. 


SECOND CONTACT 
BEGINNING OF 
TOTALITY 


THIRD CONTACT 
ENO OF 
TOTALITY 


5 H.24™M 39.95 SH 25M 375. 


N 
DURATION OF TOTALITY 22-8 SECONDS. 


TIMES OF CONTACT AND POSITION ANGLES. 
FOR LAT. 54° N. 1°45-5W. BEING THE POSITION. 
F TH WwW. N F RICHMOND CE COUR 


Fia. 3.—Circumstances of the eclipse for Richmond, Yorkshire. 


I am indebted for much of the information of a 
numerical character. 
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Over England the plan position of the inter- 
section at 60 miles high runs nearly parallel to 
the 0-98 totality line to the south of the central 
track. It is for most of the distance between the 
Bristol Channel and the North Sea, within 2 to 5 
miles of this line and to the south of it. The location 
at 54 20™ is shown in the lower margin of the 
illustration, and that at 5% 22™ is near the east 
coast. It is interesting to note that according to 
the data used in the computation, the centre of 
the shadow has not reached the earth’s surface 
at 54 20™, its nominal time of contact being 
20-1™. 

The season and the early time of day at which 
the eclipse takes place, being before 6 a.m. by 
solar time for first, secofid, and third contacts, 
causes the lines indicating simultaneous maximum 
phase on the map to be displaced more than 90° 


from the lines of longitude to which they approxi- 
mate later in the day where the eclipse takes place 


at local noon. The map (Fig. 2) shows the shape — 


of England as viewed in the direction of the 
shadow axis, the plane containing the earth’s axis 
being imagined to indicate the vertical. 

Arrangements have been made for the party 
organised by the Physical Society of London to 
have the use of accommodation at the Race Course 
at Richmond. The times of the contacts and 
position angles are shown in Fig. 3. The compu- 
tation has been made taking into account the 
corrections given by Dr. Comrie, as a result of the 
information recently provided by the Astronomer 
Royal. The difference between the position angles 
of second and third contacts, 185°, being larger 
than 180°, shows that the point is a few hundred 
yards to the north of the centre line. 


Astronomical Programmes of Eclipse Work. 


By F. J. M. 


LTHOUGH the Joint Permanent Eclipse 
Committee has organised no special expedi- 
tion to observe the eclipse of June 29, it has 
arranged that all instruments in its charge should 
be employed at the eclipse and has acted as an 
intermediary in securing instruments and _ local 
facilities for various expeditions. Ready co-opera- 
tion has been invariably met with locally. 

The first eclipse camp on the track of which the 
programme details are available is at Llysfaen 
Head, near Colwyn Bay. Here Dr. R. J. Clark, 
of the University of Edinburgh, Prof. H. Dingle, of 
the Imperial College of Science and Technology, 
South Kensington, and a group of research students 
from the University of Cambridge, will be stationed. 
A 16-inch ccelostat will be used to feed two spectro- 
graphs—a slit spectrograph working with a very 
dense flint Parsons prism, and an objective grating- 
spectrograph using a parabolic grating lent by 
Mr. Merfield of Melbourne, especially ruled to be 
strong in the infra-red of the first order and the 
ultra-violet of the second order. Abney plates 
will be used, and it is hoped to extend the spectrum 
of the chromosphere, and if possible of the corona, 
well beyond 410,000. Wireless experiments on 
the strength of signals will also be carried out. 
Prof. Nolan from Dublin will also be at Colwyn 
Bay studying atmospheric electricity during the 
eclipse, and possibly President Morehouse from 
Des Moines University, Iowa, may be there with 
a spectroscopic programme. 

Where the eclipse track strikes land again at 
Southport, the Oxford expedition under Prof. H. H. 
Turner and Dr. H. Knox-Shaw will be stationed. 
Their programme consists of direct photography 
of the corona together with photographs in polarised 
light. At Stonyhurst, Father O’Connor will also 
be taking direct photographs of the corona and 
flash spectra, working so far as possible into the 


STRATTON. 


infra-red. It is understood that Prof. da Costa 
Lobo, Director of the Coimbra Observatory, 
Portugal, will be at Stonyhurst with a cinema 
camera and spectroscopic apparatus. 

The expedition from the Royal Observatory, 
Greenwich, will be in the grounds of Giggleswick 
School, near Settle. Its programme consists of 
direct photographs of the corona with a 6-inch 
lens of 45 ft. focal length, the spectrum of the 
chromosphere in the extreme red and a comparison 
of the intensities and heights of H and K and of 
the Cat triplet 2D —?F at AA 8498, 8542, 8662. 

Mr. Evershed will be at Tunstall, about five 
miles from the central line, working with a large 
prismatic camera with two 6-inch prisms of 45° 
angle and a lens of 21 ft. focus. He will be 
studying the cusp spectrum before and after 
totality and the flash spectrum, and will be largely 
concerned with the height of the various gases. 
The Norman Lockyer Observatory expedition will 
be between Gilling and Richmond with a pro- 
gramme of direct photographs of the corona and 
small-scale spectra. Other observers who are 
expected to carry out observations in the belt of 
totality in Great Britain include Mr. Albert Taylor 
at Llanbedrog, Prof. E. A. Owen at Bangor, Mr. 
Harold Thomson and Mr. F. Sargent, of the Obser- 
vatory of Durham, at Catterick, Dr. F. W. Aston 
and Mr. Wilfrid Hall also in Yorkshire. Prof. 
A. Fowler at the Imperial College of Science and 
Technology, London, and Prof. R. A. Sampson at 
Edinburgh, are proposing to study the cusp spec- 
trum with high dispersion spectrographs during 
a considerable interval on either side of the 
time of maximum eclipse. 

The other British expedition is that of the Solar 
Physics Observatory, University of Cambridge, 
which proceeds under Prof. H. F. Newall to Aal, 
in the Hallingdalin Norway. In addition to direct 
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photographs of the corona the programme includes 
spectroscopic observation of the chromosphere in 
the ultra-violet and the infra-red, with special 
application to the relative intensities of the red 
calcium triplet and of H and K. The intensities 
of lines at different heights will also be studied. 
Spectrophotometric work will figure largely in the 
programme, and there will also be polariscopic 
observations and interferometer photographs of 
the corona. 

The American expeditions are all, except that 
of President Morehouse, to be stationed in Scandi- 
navia. Prof. H. T. Stetson, of Harvard Observa- 
tory, and Mr. Weld Arnold, will be doing photo- 
metric work on the total brightness of the corona at 
Fagernas, where Prof. 8. A. Mitchell, of the Leander 
McCormick Observatory, will also be stationed. 
Farther north, possibly near Gellivare, will be the 


Dutch expedition, including Dr. Minnaert, with 


the spectrophotometric programme which they 
were prevented by clouds from carrying out in 
Sumatra last year. Dr. Luyten will accompany 
this party. In addition to Prof. Stetson’s photo- 
meter and the Dutch instruments, it is understood 
that Dr. Anderson’s eclipse spectrograph, which 
was also blocked by bad observing conditions in 
Sumatra, will again be brought into use, in the 
hands of Dr. 8. Rosseland. Finally, an Italian 
expedition under Prof. Horn d’ Arturo may be 
stationed in Norway, and it may be assumed that 
there will be several Scandinavian expeditions and 
German expeditions in Scandinavia also. Details 
of their plans have not come to hand. 

Nowhere along the track can it be said that 
weather prospects are very good. On the other 
hand, they are not so bad that we may not expect 
fairly confidently results of value from some of the 
many expeditions that will be observing the eclipse. 


Observing Parties and Stations. 


Toe NorMAN LocKYER OBSERVATORY. 


R.W. J.S. LOCKYER, director of the Norman 
Lockyer Observatory, informs us that the 
expedition from the Observatory will occupy a 
site on the eastward and adjoining side of 
a good road connecting Richmond with Gilling 
village, and distant one mile from the market 
place of the former town. It is on the Marquess 
of Zetland’s estate, and he has very kindly 
given permission for the Observatory’s party 
to take up its position there. The site is 
situated on a 600-foot contour line, and looking 
away from it towards the north, through the east 
and to the south, the ground falls away sharply at 
first and gradually afterwards. In fact, there is no 
land reaching anywhere near 600 feet within twenty 
miles of a line drawn due east and twenty-five 
miles a little north of east. 

The programme of work to be attempted at 
Richmond is to secure large- and small-scale photo- 
graphs of the corona, chromosphere, and promi- 
nences, and also a photograph of the spectrum of the 
corona. 

The conditions of the eclipse are not sufficiently 
favourable to warrant the transport of a large 
spectrograph for photographing the chromosphere 
at second and third contacts. As such photo- 
graphs can be obtained at stations where the 
partial phase is very large, arrangements have been 
made to accomplish this at the Sidmouth Observa- 
tory, where a large spectrograph is available. 

Time determinations of the contacts will also 
be attempted, use being made of the broad- 
cast time signals for checking the rate of the 
chronometer. The large-scale photographs of the 
corona will be taken with a camera the lens aperture 
of which is 6 inches, having a focal length of 31-5 
feet, giving a solar image 3-3 inches in diameter. 
This instrument will be rigidly oriented to the 
eclipsed sun, the photographic plate only being 
moved by mechanism. One exposure only will be 
made. 

Two smaller coronagraphs will in addition be 


mechanically driven, one having a 6-inch aperture 
and 4 feet focal length and mounted equatorially, 
and another a 3} inch Dallmeyer rectilinear lens 
of 15 inch focal length mounted on a 12-inch 
siderostat. One plate will be exposed in the latter 
and two or more in the former. 

Four or more other coronagraphs from 4 inches 
aperture or less, including a Zeiss triplet aeroplane 
lens working at f 4-8 and an Aldis triplet aeroplane 
lens working at f 5-6, will be fixed in position, and 
two or more plates will be exposed in each, with 
exposures of two seconds or less. 

The large-scale photographs of the chromosphere 
and prominences will be taken with a 30-foot 
coronagraph, giving an image of about 3 inches. 
This instrument will be fixed in the direction of the 
eclipsed sun, and the exposures given will be very 
short. Altogether about eight exposures will be 
attempted. 

To secure the spectrum of the corona on a small 
scale, a Thorp transparent grating mounted in 
front of a Zeiss triplet aeroplane lens working at 
f 4:8 will be used. This instrument is mounted on 
the upper end of the polar axis of a 12-inch siderostat 
and is clock-driven. One exposure only will be 
made of the coronal spectrum in the first order of 
the grating. 

The party from the Norman Lockyer Observatory 
will consist of Lieut.-Col. Sir Francis McClean, 
Capt. W. N. McClean, and Dr. W. J. 8. Lockyer, © 
but much additional volunteer assistance will also 
be available to manipulate several of the smaller 
instruments and undertake other observations. 


Royat OBSERVATORY, GREENWICH. 


THE headmaster of Giggleswick School has 
kindly placed a field at the disposal of the 
Greenwich expedition. The observing party will 
consist of the Astronomer Royal, Dr. Jackson, Mr. 
Davidson, Mr. Melotte, and Mr. Woodman. Three 
different observations will be attempted. 

(1) A large-scale photograph of the corona will 
be taken. For this a 6-inch lens of 45 ft. focus, 
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kindly lent by Mr. Worthington, will be used. 
This gives an image of the sun 5 inches in diameter. 
There is only time for one exposure of approxi- 
mately 20 seconds. 

(2) With a spectroscope of Littrow type, using 
a prism of 40° angle and 7 inches in height and a 
lens of 114 ft. focus, the spectrum of the chromo- 
sphere in the red and infra-red will be photographed. 
Plates dyed with dicyanin will be used, and the 
spectrum will extend from the magnesium triplet 
in the green well into the infra-red. 

(3) Prof. Milne has shown the importance of a 
photometric comparison of the H and K lines in the 
chromosphere ; that is, the doublet 1°S -1°P of 
ionised calcium, with the calcium lines at A8498, 
8542, and 8662 ; that is, the doublet 12D —12P with 
its satellite. A spectroscope of reflecting Littrow 
type has been arranged to give these lines on the 
same plate. Neocyanin plates recently introduced 
by the Kodak Company will be employed. By the 
use of a coarse grating on the solar spectrum the 
intensity scale will be determined for different parts 
of the spectrum. 

The times of beginning and end of totality will be 
observed with a direct-vision spectroscope on a 
3-inch telescope. 


UNIVERSITY OF OXFORD. 


THE expedition to observe the eclipse at South- 
port, on the cordial invitation of the Mayor and 
Corporation, will be a joint expedition from the 
University and Radcliffe Observatories, Oxford, 
arranged by Prof. H. H. Turner and Dr. H. Knox- 
Shaw in collaboration. 

The astrographic object-glass of the University 
Observatory, fitted to a temporary mounting used 
previously in Egypt in 1905, and pointed to the 
16-inch cclostat,* recently purchased from the 
Royal Society, will be used to take two or three 
photographs of the corona. (The purchase of the 
ceelostat, and its renovation, were rendered pos- 
sible by timely grant from the trustees of Lord 
Leigh’s Fund.) In addition, two photographs will 
be taken in light polarised in planes at right angles 
by means of reflection from plane glass plates 
blackened on the back: the lenses are the similar 
components which made up the Abney lens used 
in many eclipse expeditions, and the reflecting 
plates will be placed near and within the focus. 
These two cameras will be mounted equatorially. 

During a preliminary visit last January, when 
the kind help and advice of Mr. C. Davidson, of the 
Royal Observatory, Greenwich, were available, the 
site for the observations was fixed in the grounds 
of King George V. School, on the invitation of the 
headmaster, Mr. G. A. Millward, who has also 


extended his hospitality to 100 boys who will come 
from London under the care of the Daily News. 


STONYHURST COLLEGE. 


At Stonyhurst College arrangements are being 
made by Father O’Connor, director of the Ob- 
servatory there, to take direct photographs of the 
corona with the 4-inch coronagraph lens belonging 
to the Royal Irish Academy, of 19 ft. focal length, 
a 6-inch Dallmeyer portrait lens of about 30 
inches focal length, and a Dallmeyer telephoto lens. 

An attempt will be made to photograph the 
corona with the 15-inch equatorial, using a green 
screen with maximum transparency at 45300. 

Flash spectra, as far into the red as possible, 
with the 19-ft. lens used as a prismatic camera, 
will also be attempted. 

With the Hilger spectrograph, work will be carried 
out on the cusps before and after totality. 

Quick runs on the magnetographs, and meteoro- 
logical observations during the course of the eclipse, 
will complete the Stonyhurst official programme. 


PHysics OBSERVATORY, CAMBRIDGE. 


Tue altitude of the sun will not exceed 13° 
in any site in England at the time of the 
total phase, and accordingly the conditions in 
Norway were investigated. It was found that the 
altitude will be nearly twice as great in Hallingdal 
and the neighbouring valleys, and the local con- 
ditions thereabouts were examined. Prof. Newall 
and Mr. Carroll went over to Norway in September 
for three days, and had the great advantage of 
enlisting the kind help of Prof. V. Bjerknes, who 
met them at Aal (Hallingdal) on the railway be- 
tween Bergen and Oslo. Here, after considerable 
exploration, a site was found in all respects con- 
venient, though, as had been anticipated, the 
difficulty in that rocky and wooded region was to 
find a level site which was not already occupied 
by a house or a farmstead. 

The observations which will be aimed at are the 
following : 

Spectroscopic observations of the chromosphere 
in the ultra-violet (Prof. Newall). Spectroscopic 
observations of the red calcium lines in the chromo- 
sphere, high dispersion, and of both red and violet 
calcium lines in the chromosphere, low dispersion 
(Mr. Carroll and Mr. Stratton). Spectroscopic 
observations with objective grating and moving 
photographic plate (Mr. Butler). Photometric 
work in connexion with each of the above. Inter- 
ferometer observations of the corona (Prof. C. 
Bryant). Large-scale coronagraph photographs 
(Mr. W. M. Smart). Polariscopic observations of 
the corona (Prof. Newall). 
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NOTICE 


A new volume of NATURE— 
the 120th—will begin on July 2. 
That number will therefore be a 
good one with which to start a 


subscription. 


The issue will contain an addition 
to the ‘Scientific Worthies” series 
and a separate photogravure plate 
portrait of the subject of the article 
—Prof. R. Willstatter. 


In addition, there will be a Supple- 
ment consisting of the Royal 
Institution address of Sir Humphry 
Rolleston, Bart., entitled ‘‘ Concern- 


ing Old Age.” 
St. Martin’s Street, London, W.C.2 
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Commencing salary :12s. per annum. 

The conditions of appointment may be obtained from the Secretary to 
the University, with whom applications must be lodged before June 30, 1927. 


The University, H. J. BUTCHART, 


Aberdeen. Secretary. 


| 
| 
| 
| 
| 
| 
| 
| 
| : 
4 
1 
| 


JUNE 25, 1927] 


NATURE 


ccllil 


“DISCOVERY” EXPEDITION. 


A ZOOLOGIST and a HYDROLOGIST will shortly be required 
for the ‘‘Discovery” Expedition. Applicants should be between 
the ages of 21 and 35, in robust health, and possess a first- or second- 
class Honours degree or equivalent qualifications. Candidates who 
have done good research work will be preferred. ‘The Zoologist should 
have, preferably, a special knowledge of Plankton. The Hydrologist 
must possess suitable qualifications in Chemistry and Physics, and should 
be specially fitted to carry out with extreme accuracy the work of more 
or less routine character that will be required of him. Both should be 
good sailors, and by physique and temperament fitted for life on board 
a small ship and under rigorous climatic conditions. The persons selected 
will be required to leave England probably in September next, and to 
serve in the first instance on board a small auxiliary research vessel, 
125 ft. long, and at the shore station at South Georgia, as occasion may 
require. They will also be liable to be transferred to any of the vessels 
of the Expedition, to a shore whaling station, or elsewhere. | i 

Salary from £300 to £500 a year, according to qualifications. Messing 
free when on board ship, and lodging with board or allowance provided 
in lieu when on shore out of Great Britain or Ireland. A certain amount 
of special clothing is provided. 

The engagement will be for one year in the first instance, the candidates 
to undertake to accept appointment for at least another year if required 
todoso. The appointments are neither permanent nor pensionable. 

Candidates should apply in writing for the necessary form of application 
to the Private SecrETARY (Appointments), Colonial Office, 38 Old 
Queen Street, S.W.1. Completed applications should reach him by 
July 16 next. 


BOARD OF TRADE (STANDARDS 
DEPARTMENT). 


A vacancy exists foran ASSISTANT EXAMINER in the Standards 
Department of the Board of ‘Tvade with establishment in H.M. Civil 
Service after two years’ approved service. The duties are mainly in 
connexion with the control of standards, and with the examination of 
weighing and measuring apparatus of novel types with a view to their 
approval for use in trade. 

Candidates, who must be British subjects by birth and the sons of fathers 
also British subjects by birth, should possess a University degree (or its 
equivalent) in Science or Engineering, and should have had practical work- 
shop experience. Preference will be given to ex-Service men. 

The salary is £150, rising by £15 to £300 per annum, with bonus which 
is reassessed half-yearly on the basis of the average cost-of-living figure for 
the previous six months. The present bonus on £150 is £94 :14s., making 
the total remuneration £244 : 145. 

Applications, with copies of testimonials, should be made in writing to 
the PrincipaL EsTaB_isHMENT OFFicER, Board of Trade, Great George 
Street, Westminster, London, S.W.1, not later than July 6, 1927. 


AIR MINISTRY. 


DIRECTORATE OF SCIENTIFIC RESEARCH. 


JUNIOR SCIENTIFIC OFFICER is required for the Air Ministry 
Scientific Research Staff primarily for duty at the Royal Aircraft 
Establishment, to assist with research work in the Aerodynamics 
Department. 

Candidates should have an Honours degree in Mechanical or Natural 
Science, and aeronautical training or experience would be an additional 
recommendation. Candidates must also be medically fit for flying duties 
and willing to fly as observer. 

Preference given, other things being equal, to ex-Service men. The 
post will carry superannuation under the Federated Universities Super- 
annuation System : Government contribution being 1o per cent. of mean of 
scale, individual contribution 5 per cent. 

Salary £175, rising by annual increments of £15 to £235 plus Civil 
Service Bonus per annum, giving a present total starting remuneration of 
4278 : 19s. per annum. 

Application should be made on a form to be obtained from the Cu1EF 
SUPERINTENDENT, Royal Aircraft Establishment, South Farnborough, 
Hants, to whom it should be returned, quoting reference No. A.180, not 
later than July 16, 1927. 


ADMINISTRATIVE COUNTY OF 
LONDON. 
PRINCIPAL OF L.C.C. SCHOOL OF BUILDING. 


The London County Council invites applications for the position of 
PRINCIPAL of the L.C.C. School of Building, Ferndale Road, Clapham, 
S.W.4, which comprises senior and junior day technical schools for building, 
architecture, surveying, structural engineering, etc., and evening classes in 
building subjects, architecture, structural design, etc. 

Salary scale £850 to 41060, by annual increments of £50. 

Experience in organisation and teaching and of the building trades or 
structural engineering desirable. 

& Preference given, other things being equal, to those who served or 
attempted to serve with H.M. Forces. 

Apply to the Epucation Orricer (T.1.a.), The County Hall, London, 
S.E.1 (stamped addressed foolscap envelope), for application form, to be 
returned by July 9, 1927. Canvassing disqualifies. 

MONTAGU H. COX, 
Clerk of the London County Council. 


KING’S PATENT AGENCY LTD., 146a 


Queen Victoria Street, E.C.4. Advice handbeok free. 40 years’ refs. 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL 
RESEARCH. 


RESEARCH CHEMISTS are required at the Building Research 
Station, Garston, Herts, the Chemical Research Laboratory, Teddington, 
the Fuel Research Station, East Greenwich, and local stations of the 
Physical and Chemical Survey of the National Coal Resources. Candi- 
dates should possess a good Honours degree in Chemistry, or equivalent 
qualifications, and some research experience. Preference will be given, 
other things being equal, to ex-Service candidates. 

Further information, including particulars as to salary, together with the 
necessary form of application, may be obtained from the SEcRETARY, 
Department of Scientific and Industrial Research, 16 Old Queen Street, 
S.W.1. Completed forms of application must be returned not later than 


July 11. 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL 
RESEARCH. 


A RESEARCH PHYSICIST is required at the Building Research 
Station, Garston, Watford. Candidates should possess a good Honours 
degree in Physics with some research experience. Scale of salary £175- 
415-4235 plus Civil Service Bonus; total initial pay £278:19s. Super- 
annuation under the Federated Superannuation System for Universities. 
Preference given, other things being equal, to ex-Service men. Forms of 
application can be obtained from the SEcRETARY, Department of Scientific 
and Industrial Research, 16 Old Queen Street, S.W.1, to whom they must 
be returned not Jater than July 11. 


SUDAN GOVERNMENT. 
APPOINTMENT OF ASSISTANT GOVERNMENT CHEMIST. 


Applications are invited for the appointment of an ASSISTANT 
CHEMIST, Sudan Government, at an initial salary of £E480 per 
annum (fE1=£1:0:6). The appointment will be on a five years’ 
agreement. Candidates should be unmarried, hold a good scientific 
degree, and have had some experience in either research work or in 
teaching. Applications should contain full particulars as to education, 
scientific training and‘experience ; they may be accompanied by copies of 
testimonials, and should be sent not later than July 14 to the CONTROLLER, 
Sudan Government London Office, Wellington House, Buckingham Gate, 
S.W.1, from whom further particulars may be obtained. 


UNIVERSITY OF DURHAM 
(DURHAM DIVISION). 


4 Two vacancies are open, one in Physics and the other in Chemistry, 
for a 
LABORATORY STEWARD & LECTURE ASSISTANT. 

Wages in each case £3: 10s. to £3:15s-, according to experience. Duties 
begin on September 5. Applications, including full details of age, record 
and qualifications for the work, and with references, should be sent, not 
later than Saturday, July 2, to the Heap oF THE DEPARTMENT OF 
SciEncE, South Road, Durham. Reasonable expenses will be paid to 
interviewed applicants. 


UNIVERSITY OF BRISTOL. 
DEPARTMENT OF AGRICULTURAL AND 
HORTICULTURAL RESEARCH, 
LONG ASHTON. 


Applications are invited for the post of RESEARCH ENTOMO- 
LOGist (Grade I.) at the Long Ashton Fruit Research Station, under the 
Research Scheme of the Ministry of Agriculture and Fisheries. 

Particulars of the appointment may be obtained from the undersigned, 
to whom applications, together with copies of three recent testimonials, 
should be addressed not later than July 16. 

E. G. FRANCIS, Registrar. 


MIDDLESEX HOSPITAL MEDICAL 
SCHOOL, LONDON, W.1. 


A SECOND DEMONSTRATOR (medically qualified) is required for 
the Physiology Department as from October 1, 1927, to undertake teaching 
duties in Physiology and, if necessary, in Histology. He will also have 
to undertake research work as assistant to the Professor of Physiology. He 
will, in the first instance, be appointed for one year, and be eligible for 
reappointment on the dation of the Professor. Salary to com- 
mence at £350 per annum. Applications, together with testimonials, 
should be sent to the School SECRETARY not later than July 7. 


UNIVERSITY OF LONDON, 
UNIVERSITY COLLEGE. 


The College Committee will shortly proceed to appoint a LECTURER 
IN PHYSICS—commencing salary £350 to £400, according to experience. 
For particulars apply to the AssisTANT SECRETARY, University College, 
London (Gower Street, W.C.1). 


For continuation of Official Advertisements and ‘‘ Smalls’’ 
see p. ii of Supplement. 
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NATURE 


Introduction to 
Physiological Chemistry 


By MEYER BODANSKY, M.A. 440 pages; 

44 figures. Demy 8vo, 20s, net. In this new 
book the main aspects of physiological chemistry 
have been developed in relation to recent advances 

in the science, thus providing the student with not 
only a knowledge of fundamental principles, but 
also a realization of the developmental state of the 

, subject. Although intended especially as a text- 
“~~ book of physiological chemistry in medical schools, 
Pe it will also be of value in allied fields where 
biochemistry is required. 


\ 
\\ 


K By C.B. NEBLETTE, A.R.P.S. 662 pages, 237 
| figures in line and half-tone. Royal 8vo, 3Qs, net. 


Presents clearly, comprehensively and yet concisely 
| the fundamental principles of the science of photo- 
graphy, omitting nothing of primary importance 
| necessary to an understanding of the subject, and 
| paying particular attention to the proper co- 
j ordination of the facts one to another. 
| Photography: Its 

Principles & Practice 


CHAPMAN & HALL, LTD., 11 HENRIETTA STREET, COVENT GARDEN, LONDON, W.C.2 


<= 
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Etch 
‘Figures on Crystals 


The Nature, Origin and Interpretation of the 
Etch Figures on Crystals. By ARTHUR P. 
HONESS, D.Sc. 184 pages; illustrated. 
Medium 8vo, 17s. 6d. net. An attempt to bring 
together, from a number of different sources, 
including the author's investigations, the more 
outstanding facts concerning the nature and origin 
of Etch Figures as produced by solvent action ~ 
upon the plane surfaces of crystals. , 


By COLIN J. SMITHELLS, M.C., D.Sc., “a 


Member of the Research Staff of the General 
Electric Co., Ltd. 185 pages, 153 figures in line 
and half-tone. Royal 8vo, 2is, net. This is 
without question the most comprehensive book yet | 
published, and should rapidly establish itself as 
the standard of reference. 


A Tungsten: Its 


Metallurgy, etc. 


|| 


METAL TESTING IN 
WORKS & LABORATORIES 


Capt. Sankey’s Machine provides a 
reliable shop test. It is automatic, 
portable, inexpensive, and can be 
worked by unskilled labour. The 
personal element is removed, and 
a record is obtained which can be 
filed for reference. 


Pamphlet from 


C. F. CASELLA & CO. 


49—50 PARLIAMENT STREET, 
LONDON, S.W.1 


B-S 


Spectrometer 
for the 


Visible, Ultra-violet and 
Infra-red Spectrum 


Reading directly in wavelengths 


3 
13 
| 
15 
Separate divided sleeves fitting over the drum of 
the micrometer screw can be supplied for use 
either with Quartz, Glass, or Rocksalt ‘Prisms. 
q See Editorial Notice, NATURE, Dec. 4, 1925, p. 820. 
|“ British and Best’? | 
Full particulars from the Makers: 
BELLINGHAM & STANLEY LTD. 
71 Hornsey Rise, London, N.19 
\ Phone : Mountoiew 2270 
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NEW MEASURING MICROMETER 


(See “A New Measuring Micrometer,” by J. H. Dowell, Proc. Opt. Convention 1926) 


PA 


L 13. Measuring Micrometer, with 6” (150 mm.) travel, reading to 1 micron. 
L 18. Measuring Micrometer, as above, but reading to 0:1 micron by double verniers. 
Full particulars post free on application to the Makers :— 


ADAM HILGER LTD., 24 Rochester Place, Camden Road, LONDON, N.W.1 


Telephone: North 1677-8 Telegrams: ‘‘Sphericity, Phone, London”’ 


The by the ZEISS 


are so large 
that if they are continued in|| Abbe Spectroscopic Eyepiece 
the future at the same rate, as 
seems probable, an assurance of Z- 
£1000 effected by a person aged | | mmessement ot the absorp 
30 at an annual premium of | | snd having 
£27, will be increased to £2087 | | wits, “elation blood 
if death occur at 65, or to £3100 
if death occur at age 80. The 
total premiums paid would be 
only £945 and £1350 respect- 
ively. 


With comparison 
prism for the juxta- 
position of com- 
parative absorption 
or emission spec- 
tra, and wave- 
length scale. 


Equitable Life 


Price, in case, | 


Assurance Society 
(Founded 1762) Full particulars in List ““ M. 125” from the British Representatives : 
19, Coleman Street, London, E.C.2 CARL ZEISS (LONDON) LTD. 


W. Palin Elderton, Actuary and Manager Winsley House, Wells St., Oxford St., London, W.1 


No shareholders No commission 
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INDUSTRY 


AND 


THE STATE 


A Conservative View 


By ROBERT BOOTHBY, M.P., JOHN DE V. 
LODER, M.P., HAROLD MACMILLAN, M_LP., 
and the HON. OLIVER STANLEY, MP. 


6s. net. 
| MACMILLAN & CO., LTD., LONDON, W.C.2 
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i W. HEFFER & SONS, Ltd., 4 
PETTY CURY, CAMBRIDGE, will be 

lad to receive offers of Complete Libraries, 
ona of Journals, and Smaller Collections of 
Books, for which they are prepared to offer 
full current value and pay cash. 


I They have a very highly organised department for the 
supply to Librarians, Institutions, and others, of Scien- 
tific Books and Journals, both English and Foreign 
(new and second-hand). 

|] CATALOGUE 269. Scientific Books and. Publica- 
tions of learned Societies. 


Licensed Valuers for Probate. 
Telegrams and Cables: HEFFER, CAMBRIDGE. Telephone: 862 (2 lines), 


REPORT ON 


SERIES IN LINE SPECTRA 


BY 


Professor ALFRED FOWLER, F.R.S. 


The Physical Society announce the 
reprinting of this valuable Report, 
which was prepared by Professor 
Fowler and first issued, uniformly 
with the Proceedings of the Society, 
in 1922. Copies may be obtained 
from the FLEETWAY PRESS, 
LTD., 3-9 DANE STREET, 
HIGH HOLBORN, W.C.1. 


Pp. viii + 184, quarto, with five plates. 


In paper cover, price |2s. 6d., postage _ 
6d. extra. 


Bound in cloth, price 15s. 6d., postage 
6d. extra. 


SCIENTIFIC BOOKS 


AND PERIODICALS 
Including the Publications of the Learned Societies, 
ON SALE BY 


WHELDON & WESLEY Ltd. 


2, 3, & 4 ARTHUR ST., NEW OXFORD ST., LONDON, W.C.2 
Classified Oatalogues sent post free. Books Purchased. 


GERMAN BOOKS 


AND PERIODICALS 
supplied by 
W. MULLER, Foreign Bookseller, 
26 Hart Street, Bloomsbury, London, W.C.1 


References in all countries. 


LABORATORY EQUIPMENT 


Those interested in the fitting of a new laboratory or the 
extension or rearrangement of existing labs., are invited to com- 
municate with us. We are specialists in the making of 
benches, fume cupboards, and all types of furniture, and 
hold large stocks of laboratory water and gas fittings, 
sinks, etc. Plans and lay-outs submitted, or estimates given 


to clients’ own prepared schemes. 


BROWN & SON 


Laboratory Fitters 
ALEMBIC WORKS, WEDMORE STREET 
LONDON, N.19. 


JANUS 
EPIDIASCOPE 


(Patented in Germany, England, and in other countries.) 


With 500-Watt Incandescent Lamp 
for the projection of 


LANTERN SLIDES AND PAPER PICTURES 
(postcards, book-illustrations, or any other 
opaque articles) 


VERY EASY TO USE 
Gives brilliant pictures up to 8 x 8 feet 
The best Lantern 
FOR SCHOOLS, UNIVERSITIES, LECTURERS, ETC, 


ED. LIESEGANG, DUSSELDORF (Germany) 


Founded 1854. Postbox 124. 
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PRISM BINOCULARS 


FOR ALL PURPOSES 


SECOND-HAND 
LONDON MADE By various makers 
Magnification X 8 From 
O.Gs. 26 mm. £2 15 0 
With case, post faa 
free anywhere, 
£4 15s. List Post Free 
CLARKSON’S 


(The Original Firm) 


338 HIGH HOLBORN, LONDON, W.C.1. 
Opposite Gray's Inn Road. Telephone: Holborn 2149. 


MARINE BIOLOGICAL ASSOCIATION 
OF THE UNITED KINGDOM. 
THE LABORATORY, PLYMOUTH. 

The following animals can always be ‘arcs either living 

or preserved by the best methods :— 


Clava, Sertularia; Actinia, T Caryophyllia, Alcy- 
onium ; ‘Pleurobrachia (preserved) ; Lepto; ineus, Amphi 
Nereis, Aphrodite, Arenicola, Lanice, Lepas, 


», Ligia, Mysis, Nebalia, Carcinus ; Patella, Buccinum, Eledone, 
Bugula, Crisia, Holothuria, Asterias, Echinus, 
(preserved), Scylitum, Raia, &c., & 
Pe prices and more detailed lists apply rie 
Biological Laboratory, Plymouth. THE DIRECTOR. 


NATURAL SCIENCE 
BOOKS AND PERIODICALS 


INCLUDING THE PUBLICATIONS 
OF THE LEARNED SOCIETIES 


CATALOGUES GRATIS LIBRARIES PURCHASED 
BERNARD QUARITCH LTD. 
11 Grafton Street, New Bond Street, London, W.1 


OXYGEN 


And other Gases. 


The British Oxygen Co. have works for the production 
of Oxygen, Nitrogen, Carbonic Acid, Nitrous Oxide, 
Hydrogen, and Argon in all chief industrial centres. 
The Company’s Plants are capable of an aggregate out- 
put of about four million cubic feet per day. 
Special Terms quoted to the Trade. 


Catalogue and full particulars on application to the Head 
Offices of the Company— 
THE BRITISH OXYGEN CO., Ltd., 
ANGEL ROAD, UPPER EDMONTON, 
LONDON, N.18. 


THE PRECIOUS METALS 
GOLD, PLATINUM, SILVER. 


SPINK & LIMITED 


Appointment) 
17-18 Pi LONDON, W.1. 
Established 153 years. 


VALUE, PURCHASE or ASSAY the above 
in any form. 
Parcels can be safely sent by registered post. 


STANDARDS OF LIGHT 


British: Harcourt ten-candle Pentane. 
Hefner: (Amy! Acetate). 
Carcel: (Colza). 
Simmance: (one-candle Pentane). 
(two-candle Pentane) 
(ten-candle Pentane). 
Verified by National Physical Laboratory or ir Government Departments 
(German, French, or U.S.A.). 
ALEXANDER WRIGHT Cco., LTD. 
1 Westminster Palace Gardens, LONDON, S.W.1 


LABORATORY X-RAY APPARATUS 


For Crystallography and — and Industrial Research 


See editorial 
notice, NATURE, 
February 28, 1925, 
page 314. 


70 kilovolts at 10 milliamperes 


THE MEDICAL SUPPLY ASSOCIATION LTD. 


Actual Manufacturers of Scientific Electrical Apparatus, 


167-185 GRAY’S INN ROAD, LONDON, W.C.1. 


THE “RADIOSEARCH” 
(BRITISH MADE) 


Comprising 70-kilovolt high tension oil-insulated transformer, 

lidge X-ray tube, Filament heating transformer, Filament 
control rheostat, Milliampere meter, Fully protective X-ray 
shield (certified by the National Physical Laboratory). 


THE APPARATUS HAS ALREADY BEEN SUPPLIED TO: 
The Physical Departments of 


Manchester University Warsaw University 
University College, London University Institute of Theo- 
Cardiff University retical Physics, Copenhagen 
Trinity College, Dublin Saf. vie R 
Wigan Technical College ye in Mines Research 


Vancouver University 
Osmania University College South Metropolitan Gas Co., 
Dacca University etc. 


An eminent physicist writes: “| can give the whole 
outfit as it stands now a strong recommendation; everything 
works so steadily that we get far more results from it than from 
the tubes through which we put ten times as much current, but 
which have to be exhausted and water-cooled while they are 
being run.”’ 


Price complete, for Alternating Current £90 
Ditto, with motor transformer for Direct Current £120 


The ‘‘Radiosearch’’ can be supplied in greater or smaller 
capacities, prices for which will be quoted on receipt of particu- 
lars of kilovolts and milliamperes required. 
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and Photomicrographic 
Apparatus for Metallurgy 


throughout. 


INVERTED METALLURGICAL MODEL 
RADIAL METALLURGICAL MODEL 
STANDARD LONDON & 

BENCH METALLURGICAL 

MODELS 
BRINELL IMPRESSION 
MICROSCOPES 
SWAN PHOTOMICRO- 
GRAPHIC APPARATUS 


69 Mortimer Street, 
LONDON, W.1. 


BECK MICROSCOPES 


comprise a complete range. All the latest improve- 
ments in such instruments are embodied in the Beck 
Models, which are of British design and manufacture 


R. & J. BECK, LTD. 


BROWNING’S SPECTROMETERS 


P, 121. THE ““NEW UNIVERSAL.’’— Designed to secure 
maximum rigidity and accuracy of adjustment. The tripod has a spread 
of 7 inches, immediately above which is fitted a 5-inch circle completely 
divided to }°, reading by vernier to 1 minute. The’ prism table is 
3% inches in diameter and is fitted with levelling screws, complete 
rotation, adjustment for height and detachable prism holder, with 
clamping ‘screws to all movements. The telescope is mounted on a 
counterpoised revolving arm and fitted with 1-inch achromatic object- 
glass of 8-inch focal length, a high power Ramsden eyepiece with cross 
in, sliding focussing adjustment and centring adjusting screws. 
The collimator has a similar object-glass, adjustable slit with removable 
comparison prism, and sliding focussing adjustment. 
The instrument, as above, with 1}-inch dense flint glass 

P, 141. THE ‘‘NEW COLLEGE.” — As figured above, 
similar in construction to the ‘‘ New Universal,” but with rack and 
pinion focussing adjustment to telescope, tangent screw fine adjustment 
to both telescope and divided circle, and two verniers. 
The instrument, as above, with r}-inch dense flint glass 

P. 142. THE “‘NEW LABORATORY.” —Identical in de- 
sign with the ‘‘ New College” pattern described above, but with rack 
and pinion adjustment to collimator. 

The instrument, as above, with 1}-inch dense flint glass 

P, 143. Micrometer scale attachment to any of above 5 0 
Replicas of Rowland’s Diffraction Gratings for use with the above 
instruments, 30/= and 35/=, In case, 4/6 extra. 
List post free on request. 


JOHN BROWNING LTD. 


Manufacturing Opticians toH.M.Government, Royal Observatory, etc. 


138 STRAND, LONDON; W.C.2 


(Opposite the Gaiety Theatre) 


ESTABLISHED 1765 + Telephone: City 3139 


dimensions in either direction. 


DIMENSIONS 
The traverse by screwis. . 
Thetraversebyhandis. . . . 
The length, overall, is > 


The focal length of objective is 


The scale in the eyepiece is 1 cm. divided into 100 parts. 


MAKERS OF MICROSCOPES 


VERNIER MICROSCOPE 


For use in Botanical, Zoological, Physical, 
Engineering, and Technological Laboratories 


The Microscope is attached to a slide, which is moved along 
a plate by means ofa screw. The plate slides by hand ona vee 
and flat bearing upon the main casting, and may be clamped by 
ascrew. The Microscope may be directed vertically or horizontally. 
The base may be placed horizontally or vertically to measure 


7°55 5-0, or 2-5 cms., as required 
The scale on the main casting is read by vernier to 0-002 cm. 
Price, with one objective and eyepiece £12:16:0 
W. WATSON & SONS, L1tp., 313, HIGH HOLBORN, LONDON, W.C.1 


1-5 cms. 
15-0 cms. 
22-0 cms. 


CW ) Mat 


ENGLISH CHEMICAL GLASSWARE 


The best technical knowledge and practical skill available in the English Glass Industry are 
applied in the manufacture of this Chemical Glassware. The glass meets satisfactorily the most 
exacting requirements of the Laboratory. Every piece bears the 


guaranteed. Any article found to be faulty whilst in use will be replaced free of charge. 
Stocked by the leading Laboratory Furnishers. 


trade mark and is 


WOOD BROS. GLASS COY., LTD., BARNSLEY, ENGLAND. 
(Established 1828) 


inted in Great Britain by R. & R. CLarx, Lrp., Brandon Street, Edinburgh, and published by MacmiLtan & Co., Limi TEp, at St. Martin’s Street 
sctieicacines Landes, W.C.2, and THE MACMILLAN Co., 60-62 Fifth Avenue, New York.—Saturday, June 25, 1927. ‘ 
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THE EAPORT .OF 
SCIENTIFIC APPARATUS 


Griffin and Baird & Tatlock export their productions on a large scale 
to all parts of the Empire and to many foreign countries. They are 
thus enabled to maintain a department specially organised for the 
purpose, and so to secure for every order that individual attention 
which export business peculiarly demands. 


Many of the recent productions of our Experimental Departments in Physical and 
Chemical Apparatus are included in our recent catalogues No. 50 and Chem. Handi- 
craft (1oth Ed.). Your attention is specially invited to them at this time. 


Our Agents for India, 
Burmah and Ceylon are 
L. H. Alliston & Co. Ltd., 
of Bs Clive Buildings, 
Calcutta, and Ahmedabad 
House, Ballard Estate, 


JOHN |.GRIFFIN & SONS LTD. 
Kemble Street. Kingsway. 
LONDON WC. 2. 


our customers. BAIRD & TATLOCK LTD 


GLASGOW MANCHESTER 
45.Renfrew Se. 34.Gt.Ducie St 
EDINBURGH LIVERPOOL 
7. Teviot Place. 164. Brownlow Hill 


COOKE, TROUCGHTON & SIMMS, LTD. 


| introduce a new type of 


EQUATORIAL 
/REFRACTOR 


Telescope, with first-grade 
double achromatic visual object- 
ive and finder, three astro. eye- 
pieces, three dark glasses, solar 
diagonal and adjustable counter- 
poise in declination. 


CAMERAS OF DISTINCTION 


ROLL-FILM CAMERAS 


LEICA, with anastigmatic lens F/3-5, weight 16 
ozs., size 54 X 24”, with focal plane shutter, 
3 film carriers, in leather case, with shoulder 

LEICA, with Compur shutter, | film carrier, in 


STEREO-REFLEX CAMERAS 
HEIDOSCOPE, with paired Zeiss Tessars F/45. 


ilms, 
f with case ee oe oO stand provided with cross stiffeners, levelling screws and shoes. 


; Equatorial head adjustable for all latitudes between 60° North and South. 
FODIS DISTANCE METER Hour circle and declination circle fitted with verniers and r 
For use with any make of camera, in leather 


Clamp and slow motion in declination by rods from eye-end. 
Clamp in R.A. provided and means for accelerating and retarding clock 


POCKET APLANATIC LENSES 
LENS, in folding mount, with case, mags. 

6X to 40x . £1 °4 6each 
FOLDING DOUBLE LENS, in mount, with case, 

mags. 66 12x to20&40x . £2 8 Geach 


Full particulars post free on application 


OGILVY & CO. 


Optical Engineers 


20 Mortimer Street, London, W.1 


motion by cord control. 

CLOCK.—Spring-driven, of novel form housed in the 
Equatorial head; maintaining gear and means of regu~ 
lation are provided, and the clock will drive at a con= 
stant rate for 60 minutes without rewinding. 


Prices.—Telescope and Mounting complete at Works: 


4-in. aperture. £140 

4}-in. aperture £147 

43-in. aperture. ‘ £155 
EXTRAS 


Cast-iron pillar in place of wooden tripod . £5 5 O 
Quick-setting circle and clamp to R.A. circle. £4 0 O 
A specimen of the instrument referred to above is 
now on view at our London Offices: 


15/17 BROADWAY, WESTMINSTER, S.W.1 
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UNIVERSITY COLLEGE OF 
SWANSEA. 


The Council of the College invites applications for the post of 
ASSISTANT PROFESSOR OF METALLURGY. Salary £750 per 
annum. The appointment will date from September 1, 1927. 

Further particulars may be obtained from the undersigned, by whom 
applications must be received on or before July 2, 1927. 

Singleton Park, Swansea. EDWIN DREW, Registrar. 


SOUTH-EASTERN AGRICULTURAL 
COLLEGE. 


An ASSISTANT in the Department of Economics is required immedi- 
ately. Applicants should have a good knowledge of practicai Agriculture, 
Accounting and Economics. Full particulars may be obtained on applica- 
tion to the Principat, South-Eastern Agricultural College, Wye, Kent. 


UNIVERSITY COLLEGE, LEICESTER. 


LABORATORY ATTENDANT required for work of Botanical 
Department. Initial wages about £2:15s Apply to Dr. E. N. MILEs 
Tuomas, 8 Inglewood Mansions, West End Lane, London, N.W.6. 


THE UNIVERSITY OF MANCHESTER. 


Applications are invited for the post of ASSISTANT LECTURER IN 
GEOLOGY. Stipend £300 per annum. Duties to commence September 
29. Last date for applications: July 16. Further particulars may be 
obtained from the REGISTRAR. 


RESEARCH APPARATUS-MAKING. 
ACCURATE AND RELIABLE WORKMANSHIP. 


Many years’ experience in this work for Research Labs., Colleges, etc. 


Kays InstrRuMENT Co., 4 Holborn Place, W.C.1. 


CROSBY HALL—a Club and Hall of 
Residence now open for women graduates of all nationalities. For 
further particulars apply to the WarprEN, Crosby Hall, Cheyne 
Walk, S.W.3. 


Line Drawings and Diagrams for scientific 
publications, made from rough sketches or descriptions at low rates. 
Box No. 235, c/o NA? URE Office. 


NOTICE 


GLASS BLOWER, with sound scientific 


education, required for Egyptian University, Cairo. Appointment 
will be on contract for three years, but terminable at three month,’ 
notice on either side. Duties commence September 1927. 
Salary £E4co (= £411 sterling). Travelling allowance. 
Applications should be sent to the Director, Egyptian Educational 
care 39 Victoria Street, Westminster, London, S.W.1, not later than 
uly 14. 


PHILOSOPHICAL MAGAZINE for Sale, 


from April 1907 to June 1925 inclusive, unbound. As new. What 
offers ? 
48 Auckland Avenue, Hull. 


The Publishers of NATURE will 
be pleased to send on receipt of 
a postcard a list of the Steel 
and Photogravure Portraits 
contained in the ‘Scientific 
Worthies’’ series. 


ST. MARTIN’S STREET, LONDON, W.C.2 


= 


@ See Editorial Notice, NATURE, November 6, 1926, page 675. 


NEW WIDE-FIELD 
BINOCULAR MICROSCOPE 


Designed to meet the increasing need for a high-grade binocular microscope 


that fulfils the following conditions: 


1. Stereoscopic Vision. 

2. Extremely Large Field. 

3- Long Working Distance. 

4. High Eye Point. 

5. Wide Range of Magnification. 


It gives the advantage of viewing 
the image in its true position, not 
inverted or reversed. 

Supplied on four different stands 
covering every requirement, the 
microscope bein interchangeable 
on each stand. 


Illustrated descriptive list 
sent on request. 


Also Microscopes for all purposes, Microtomes, Photomicrographic Apparatus, 
| Centrifuges, Colorimeters, Hamoglobinometers, Balopticon Projection Lanterns, etc. 


Bausch & lomb ()ptical @.[td. 


Contractors to British, Indian, Colonial and Foreign Governments. 


37-38 HATTON GARDEN 
LONDON 


Our instruments may be obtained through all Dealers. 


E.C. 1 
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THE 
IMPROVED 


“PEANDAR FORTINETTE” 
STANDARD BAROMETER. 


Las 


BORE OF TUBE - ‘25-inch 


The Scales are engine-divided, 

and engraved on the brass body 

to ‘05 inch and | millimetre, and 

read by the verniers to ‘002 inch 

and ‘05 mm., and are protected 
by an air-tight glass cover. 


The Thermometer has _ both 
Fahrenheit and Centigrade scales, 
and is protected by a metal frame. 


This Barometer has been designed 
to meet the requirements of 
Chemical Laboratories, Gas 
Works, Private Observers, 
Colleges, etc., for an instrument 
giving exact readings at a 
moderate cost. The Frame, 
which is made of solid drawn 
brass tube, is enamelled black 
and finished in the very best 
manner, and is mounted on a 
polished oak board, with brackets 
for adjustment, and opal glass 
reflectors behind the scales and 
glass cistern. Each instrument 
is engraved The Improved 
“ Peandar Fortinette ” Standard 
Barometer. 


Price, complete as_ illustrated, 


National Physical Laboratory 

Certificate - £2 2 O extra. 

Sent Carriage Paid, and safe 

delivery guaranteed, within the 
British Isles. 


PASTORELLI & RAPKIN L® 
46 HATTON GARDEN, LONDON, E.C.1 


Actual Manufacturers of Barometers, Thermometers, Hygrometers, 
Barographs, Thermographs, Hygrographs, Rain Gauges, Hydrometers, etc. 


PRICE LISTS POST FREE ON APPLICATION. 


) Any instrument sent on approval if desired. 
Telegrams—“ Rapkin, London.” ESTABLISHED 1750. Telephone—Holborn 1981. 
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BLACKIE’S LIST 


THE ABSOLUTE DIFFERENTIAL CAL- 


CULUS. (Calculus of Tensors.) By TULLIO LrEvI- 
CiviTA, Professor of Rational Mechanics in the University of 
Rome; Fellow of the R. Accademia Nazionale dei Lincei. 
Edited by Dr. Enrico PErsico. Authorised translation 
by Miss M. LonG, late Scholar of Girton College, Cam- 
bridge. Demy 8vo. xvi+444 pp. 21s. net. 


SPACE AND TIME. An Elementary Introduc- 


tion to Einstein’s Theory of Relativity. By EmiLe Borel, 
Honorary Director of L'Ecole Normale Supérieure ; Professor 
of Mathematical Physics in the Faculty of Sciences of Paris ; 
Member of the Institute. Large crown 8vo. xiv+234 pp. 
7s. 6d. net. 


THE STRUCTURE OF MATTER. By 


J. A. CRANSTON, D.Sc., A.I.C., Lecturer in Physical Chem- 
istry, Royal Technical College, Glasgow. Large demy 8vo. 
xvi+196 pp. Second Impression. 12s. 6d. net. 


OPTICAL MEASURING INSTRU- 
MENTS. 


Their Construction, Theory, and Use. 
By L. C. Martin, F.R.A.S., D.Sc., A.R.C.S., D.LC., 
Lecturer in the Optical Engineering De —s Imperial 
College of Science and Technology, South Kensington. 
x+270 pp., with 172 figures. 17s. 6d. net. 


COLOUR AND METHODS OF COLOUR 


REPRODUCTION. By L. C. MartTIN, F.R.A 

D.Sc., A.R.C.S., D.I.C. With Chapters on ned 
Printing and Colour Photography by WILLIAM GAMBLE, 
F.R.P.S., F.0.S. xiv+187 pp., with 73 figures and 3 plates, 
2 of which are in colour. Second Impression. 12s. 6d. net. 


MECHANICAL PROPERTIES OF 


FLUIDS, THE. An Account of Recent Engineering 
Research. Acollective work. xvi+362 pp., with 159 illustra- 
tions. Second Impression. 20s. net. 


Engineer Vice-Admiral Sir George Goodwin, K.C.B., LL.D., late 
Engineer-in-Chief of the Fleet. INTRODUCTION. — Allan 
Ferguson, M.A., D.Sc. on ). AND _ GASES. — 
Professor Horace Lamb, F.R.S. MATHEMATI- 
CAL THEORY OF FLUID ’ MOTION. —A. G. M. Michell, 
M.C.E. VISCOSITY AND LUBRICATION.—Professor A. H. 
Gibson, D.Sc. STREAM-LINE AND TURBULENT FLOW.— 
PHENOMENA DUE TO THE ELASTICITY OF A FLUID.— 
SIMILARITY.—G. I. Taylor, M.A., F.R.S. THE DETER- 
OF STRESSES MEANS SOAP FILMS.— 

A. E. M. Geddes, O.B.E., M.A., D.Sc. WIND STRUCTURE.— 
c VY. Drysdale, D.Sc. SUBMARINE 
TRANSMISSION OF SOUND THROUGH WATER.—F. R. W. 
Hunt, M.A. THE REACTION OF THE AIR TO ARTILLERY 
PROJECTILES. 


FUEL AND REFRACTORY MATERIALS 


By A. HuMBOLDT SEXTON, F.I.C., F.C.S. New Edition, 
completely revised and enlarged by W. B. Davipson, D.Sc., 
Ph.D., F.1.C. viii+382 pp., with 111 figures. 12s. 6d. net. 


MET EORO! LOGY: An Introductory 


Treatise. By E. M. GEDDES, O.B.E., M.A., 

Lecturer in Elle! Philosophy in the University of Ahindoos 

xx+390 pp., with 4 coloured plates, 16 half-tones, 103 figures, 
11 charts, and 20 tables. 21s. net. 


SEGREGATION AND 
AUTOGAMY IN BACTERIA 


A CONTRIBUTION TO CELLULAR BIOLOGY 


BY 


F. H. STEWART, M.A., D.Sc., M.D. 
Major, Indian Medical Service (Retired) 


With 4 Plates and 23 Tables. 
Paper Boards. Demy 8vo. Pp. 104. Price 78. 6d. net ; postage 3d. 


ADLARD & SON, LTD., 21 HART STREET, W.C.1 


H. K. LEWIS & CO. Ltd. 
BOOKSELLERS AND PUBLISHERS 
Complete Stock of Works and Text-Books in all Branches of 


GENERAL, TECHNICAL and MEDICAL SCIENCE 


Classified List of Scientific and Technical Books post free 


Special facilities for execution of orders from abroad 


LARGE STOCK OF SCIENTIFIC AND GENERAL STATIONERY 


SECOND-HAND BOOK DEPARTMENT 
140 Gower Street, W.C.1. Phone: Museum 4031, 


136 GOWER STREET and 24 GOWER PLACE, 


LONDON, W.C.1 


Telephone: Museum 1072 (2 lines). 


SOTHERAN’S CATALOCUE OF SCIENCE AND TECHNOLOCY. 

Already published. Part I: Sets of Scientific Periodi- 
cals. General and Collected Works (pp. 80). Part II: 
Mathematics (pp. 128). Part Ill: Astronomy, Geodesy, 
Chronology, Horology, and Dialling (pp. 112). Part IV: 
Physics, Letters A-R(pp. 112). Part V: Physics, Letters 
S- , and Supplement (pp. 56). Part VI: Geology, Meteoro- 
logy and Physical Geography, Mineralogy and Crystallo- 
graphy; Microscopy (pp. 144). Just Published: Part 


VII: Chemistry and Chemical Technology (pp. 208). In 
preparation: Part VIII: Mining and Metallurgy. 


“This special catalogue of Messrs. Sotheran needs mo re- 
commendation, being well known for its valuable bibliographic 
notes, and the number of choice and rare books offered for sale.” 

NATuRR. 


Messrs. Sotheran are always ready to buy libraries or smaller collec- 
tions of books on exact science, as well as oe of scientific periodicals. 
They invite correspond in with books rare and difficult 
siti HENRY SOTHERAN & CO., 

and Piccadilly, w. 1,L London. | 


Full particulars of above books on application. 


BLACKIE & SON, LTD. 


50 OLD BAILEY, LONDON, E.C.4 


ADLARD & SON 


LIMITED 


“BARTHOLOMEW PRESS” 


SCIENCE PRINTERS. 


ars Home and Export. 


New London Offices: 
21 Hart Street, Bloomsbury, W.C.1. 
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Recent Scientific and Technical Books. 


Volumes marked with an asterisk have been received at “ NaTuRE” Office. 


Mathematics: Mechanics: Physics 


Ballard, P. B. Fundamental Arithmetic. Teacher’s 
Book 5, with Notes and Answers. Cr. 8vo. Pp. 84. 
(London: University of London Press, Ltd., 1927.) 2s. 3d. 

Bieberbach, Ludwig. LEinfiihrung in die konforme 
Abbildung. (Sammlung Géschen, 768.) Zweite neube- 
arbeitete Auflage. Pott 8vo. Pp. 129. (Berlin und Leipzig : 
Walter de Gruyter und Co., 1927.) 1.50 gold marks. 

Born, Max. The Mechanics of the Atom. Translated 
by J. W. Fisher and revised by D. R. Hartree. (Inter- 
national Text-Books of Exact Science.) Demy 8vo. Pp. 
xvi+317. (London: G. Bell and Sons, Ltd., 1927.) 
18s. net.* 

Boulanger, A. Lecons choisies de mécanique. Demy 
8vo. Tome 2: Les principes de la mécanique des ressorts. 
Pp. iv+86. 15 francs. Tome 3: Le choc des corps 
solides ; théorie, expérimentation, utilisation. Pp. iv + 
64+2 planches. 15 francs. (Paris: Gauthier-Villars et 
Cie, 1927.) * 

Chwolson, Orest Danilovié. Die Physik 1914-1926. 
17 ausgew. Kapitel. Ubersetzt von Georg Kluge. Roy. 
8vo. Pp. ix +696. (Braunschweig: Friedr. Vieweg und 
Sohn A.-G., 1927.) 35 gold marks. 

Chwolson, Orest Danilovié. Lehrbuch der Physik. 
Zweite verbesserte und vermehrte Auflage. Band 4, 
Abt. 2: Das konstante Magnetfeld. Herausgegeben von 
Gerhard Schmidt. 8vo. Pp. vii+565. (Braunschweig : 
Friedr. Vieweg und Sohn A.-G., 1927.) 

Coolidge, Julian Lowell. Einfiihrung in die Wahr- 
scheinlichkeits-Rechnung. (Sammlung mathem.-physik. 
Lehrbiicher, Band 24.) Deutsche Ausgabe von Friedrich 
M. Urban. 8vo. Pp. ix+212. (Leipzig und Berlin: 
B. G. Teubner, 1927.) 10 gold marks. 

Department of Scientific and Industrial Research : 
Illumination Research. Technical Paper No. 5: The 
Measurement of Mean Spherical Candle-Power. Roy. 8vo. 


Pp. vi+40. (London: H.M. Stationery Office, 1927.) 
1s. net.* 

Durell, Clement V. A Concise Geometrical Conics. 
Gl. 8vo. Pp. xvi+99. (London: Macmillan and Co., 


Ltd., 1927.) 4s.* 

Durell, Clement V., and Wright, R. M. Elementary 
Trigonometry. (Cambridge Mathematical Series.) Cr. 
8vo. Pp. xviii +288+31+xxiv. (London: G. Bell and 
Sons, Ltd., 1927.) 5s8.* 

Emming, August. Eine Umwilzung in der Mathe- 
matik und ihren Anwendungen. Roy. 8vo. Pp. 76. 
(Minchen: Pflaum Verlag, 1927.) 3.20 gold marks. 

Fellenius, Wolmar. Erdstatische Berechnungen mit 
Reibung und Kohiasion (Adhasion) und unter Annahme 
kreiszylinderischer Gleitflachen. Roy. 8vo. Pp. iv +40. 
(Berlin: Wilhelm Ernst Sohn, 1927 und.) 4.20 gold 
marks. 

Ferrier, R. Quelques idées sur l’électrodynamique : 
théories nouvelles sur l’oscillateur de Planck et le mouve- 
ment autonome exposées devant la Société frangaise de 
Physique. Demy 8vo. Pp.48. (Paris: Albert Blanchard, 
1927.) 5 francs.* 


Fladt, Kuno. Gewdéhnliche Differentialgleichungen 


‘(Mathem.-physik. Bibliothek, Band 72.) 8vo. Pp. 67. 


(Leipzig und Berlin: B. G. Teubner, 1927.) 1.20 gold 
marks, 

Forder, Henry George. The Foundations of Euclidean 
Geometry. Demy 8vo. Pp. xii+349. (Cambridge: At 
the University Press, 1927.) 25s. net.* . 

Fraenkel, Adolf. Zehn Vorlesungen iiber die Grund- 
legung der Mengenlehre. (Wissenschaft und Hypothese, 
Band 31.) 8vo. Pp.x+182. (Leipzig und Berlin: B.G. 
Teubner, 1927.) 8 gold marks. . 

Gehrcke, E. Handbuch der physikalischen tik. 
Band 1. Roy. 8vo. Pp. x+957. (Leipzig: Johann 
Ambrosius Barth, 1927.) 80 gold marks. 

Gibbs, R. W. M. Algebra to the Quadratic: a Book 
for Beginners. Cr. 8vo. Pp. 144+160. (London: Oxford 
University Press, 1927.) 3s. 6d. net. 


Godfrey, C., the late, and Siddons, A. W. Four- 
Figure Tables. New edition. Med. 8vo. Pp. iv +40. 
(Cambridge : At the University Press, 1927.) 3s. 6d. 

Hahn, Karl. Methodik des physikalischen Unterrichts. 
(Handbuch der naturwissenschaftl. und mathemat. Unter- 
richts, Band 2.) Roy. 8vo. Pp. xvi+596. (Leipzig: 
Quelle und Meyer, 1927.) 24 gold marks. 

Hausdorff, F. Mengenlehre. (Gdéschens Lehrbiicherei, 
1; Gr. Reine Math., Band 7.) Zweite neubearbeitete 
Auflage. Roy. 8vo. Pp. 285. (Berlin und Leipzig: Walter 
de Gruyter und Co., 1927.) 12 gold marks. 

Herz, Richard. Réntgenstrahlen. (Physik, Technik 
und Anwendungen.) (Sammlung Gdéschen, Band 950.) 
Pott 8vo. Pp. 136+16 Tafeln. (Berlin und Leipzig: 
Walter de Gruyter und Co., 1927.) 1.50 gold marks. 

Hirsch, J. Seth. Physikalisch-technische Grundlagen 
der Réntgentherapie. Mit Dosierungsformeln und einer 
Dosierungstabelle von Guido Holzknecht. In deutsche 
Bearbeitet von Guido Holzknecht und Gottfried Spiegler. 
Roy. 8vo. Pp. viii+223. (Wien: Julius Springer, 1927.) 
15 gold marks. 

Jochmann, E. Grundriss der Experimentalphysik zum 
Gebrauch beim Unterricht an héheren Lehranstalten und 
zum Selbststudium. Fortgefiihrt von O. Hermes und P. 
Spies. Nach d. minister. Richtlinien fiir d. Lehrplane d. 
ho6heren Schulen Preussens von 1925 bearbeitet und 
erganzt von A. Klaus. Zwanzigste véllig neu bearbeitete 
Auflage. Roy. 8vo. Pp. xvi +395. (Berlin: Winckelmann 
und Séhne, 1927.) 6.70 gold marks. 

Junge, G. Elementare Mathematik : die Grundlehren 
der Mathematik in einfacher Darstellung. (Wege zum 
Wissen, Band 66.) Teil 2. Pott 8vo..Pp.170. (Berlin: 
Verlag Ulistein, 1927.) 1.35 gold marks. 

Kaufmann, Walther. Vortrage iiber Mechanik als 
Grundlage fiir das Bau- und Maschinenwesen. Teil 1: 
Einfiihrung in die Mechanik starrer Kérper. Achte Auflage 
d. gleichnam. Lehrbuch von Keck-Hotopp. 8vo. Pp, 
xi +632. (Hannover: Helwingsche Verlagsbuchhandlung, 
1927.) 29.50 gold marks. 

Kleinert, Heinrich. Die Methodik des Physikunter- 
richts in der Volksschule. 8vo. Pp. 47. (Bern: Verlag 
Haupt, 1927.) 1.50 gold marks. 

Kohlrausch, K. W. Fritz. Probleme der y-Strahlung. 
Herausgegeben von Karl Scheel. (Sammlung Vieweg, 
Heft 87-88.) 8vo. Pp.viili+155. (Braunschweig: Friedr. 
Vieweg und Sohn A.-G., 1927.) 10 gold marks. 

Koller-Aeby, H. Die Universalitat der Gravitation 
in den gréssten und kleinsten Systemen. Roy. 8vo. 
Pp. 104. (Basel: Benno Schwabe und Co., 1927.) 8 
francs.* 

Lecat, Maurice. Coup d’ceil sur la théorie des déter- 
minants supérieurs dans son état actuel. Roy. 8vo. Pp. 
viii+100. (Bruxelles: Maurice Lamertin, 1927.) 16 
francs.* 

Lemoine, J., et Guyot, J. Cours de physique. Tome 


3: Magnétisme, électricité. Roy.8vo. Pp. 362. (Paris: 
Libr. Vuibert, 1927.) 38 francs. 
Lenard, Philipp, und Becker, August. Kathoden- 


strahlen. (Handbuch der Experimentalphysik, Band 14.) 
4to. Pp. xiv+788. (Leipzig: Akademische Verlags- 
gesellschaft m.b.H., 1927.) 70 gold marks. 

Lipsius, Friedrich Reinhard. Wahrheit und Irrtum 
in der Relativititstheorie. Roy. 8vo. Pp. vii+154. 
(Tiibingen: J. Ce B. Mohr (Paul Siebeck), 1927.) 7.50 
gold marks. 

Loeb, Leonard B. Kinetic Theory of Gases: being 
a Text and Reference Book whose Purpose is to combine 
the Classical Deductions with Recent Experimental Ad- 
vances in a Convenient Form for Student and Investigator. 
Med. 8vo. Pp. xvi+555. (New York: McGraw-Hill 
Book Co., Inc.; London: McGraw-Hill Publishing Co., 
Ltd., 1927.) 27s. 6d. net.* 

Lorentz, Hendrik Anton. Theorie der Strahlung. 
Bearbeitet von A. D. Fokker. Nach der zweiten hollan- 
dischen Auflage ins deutsche tibersetzt von G. L. de Haas- 
Lorentz. (Vorlesungen iiber theoretische Physik an der 
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Universitat Leiden, Band 1.) Roy. 8vo. Pp. x+8l. 
(Leipzig: Akademische Verlagsgesellschaft m.b.H., 1927.) 
7.80 gold marks.* 

Meyer, Stefan, und Schweidler, Egon. Radio- 
aktivitit. Zweite, vermehrte und teilweise umgearbeitete 
Auflage. Roy. 8vo. Pp. 722. (Leipzig und Berlin: 
B. G. Teubner, 1927.) 36 gold marks.* 

Miller, Heinrich. Die graphische Statik der Baukon- 
struktionen. Band 1. Sechste Auflage. Roy. 8vo. Pp. 
xii+628+6 Tafeln. (Leipzig: Kréner Verlag, 1927.) 
20 gold marks. 

Niven, W. D., Edited by. The Scientific Papers of 
James Clerk Maxwell. (Photographic Reprint by arrange- 
ment with the Cambridge University Press.) Demy 4to. 
Vol. 1. Pp. xxxii+607. Vol. 2. Pp. viii+806. (Paris: 
J. Hermann, 1927.) * . 

Perron, Oskar. Algebra. (Géschens Lehrbiicherei, 
1; Gr. Reine Math., Band 8-9.) Roy. 8vo. Band 1: 
Grundlagen. Pp. viii+307. Band 2: Theorie d. algebr. 
Gleichungen. Pp. viii+243. (Berlin und Leipzig: Walter 
de Gruyter und Co., 1927.) 11.50 gold marks. 

Petzold,Ernst. Elementare Raumakustik Roy. 8vo. 
Pp. xii+129. (Berlin: Bauwelt-Verlag, 1927.) 7 gold 
marks. - 

Saliger, Rudolf. Praktische Statik: Einfiihrung in 
d. Standberechnung d. Tragwerke mit besonderer Riick- 
sicht auf d..Hoch- und Eisenbetonbau. Zweite teilweise 
umgearbeitete und erweiterte Auflage. 4to. Pp. xvi+ 
646. (Wien und Leipzig: Franz Deuticke, 1927.) 30 
gold marks. 

Sankey, E., and Royds, Albert. Elementary Mathe- 
matics. Part 3 (for pupils about the age of 13-15 years). 
Cr. 8vo. Pp. viii+152. (London: G. Bell and Sons, 
Ltd., 1927.) 2s. 

Saunders, Vivian T.- Light. Cr. 8vo. Pp. vii +320. 
(London : John Murray, 1927.) 6s. net.* 

Schmidt, Ernst. Warmestrahlung technischer Ober- 
flichen bei gewohnlicher Temperatur. (Gesundheits-In- 
genieur. Beihefte, Reihe 1, Heft 20.) 4to. Pp. 23. 
— und Berlin: R. Oldenbourg, 1927.) 3.60 gold 
marks. 

Schrédinger, Erwin. Abhandlungen zur Wellen- 
mechanik. 8vo. Pp. ix+169. (Leipzig: Johann Am- 
brosius Barth, 1927.) 5.70 gold marks. 

Staines, P. G., and Ingram, T., Compiled by, under 
the direction of P. F. Burns. The Way of Arithmetic. 
Cr. 8vo. Book 4. Pp. 80. Paper, 9d.; cloth, ls. 
Book 5. Pp. 96. Paper, 10d.; cloth, 1s. ld. (London 
and Glasgow: W. Collins, Sons and Co., Ltd., 1927.) 

Volkmann, Wilhelm. Die Linsenoptik in der Schule : 
Anleitung zu den Versuchen und zur rechnenden Behand- 
lung. (Abhandlungen zur Didaktik und Philosophie der 
Naturwissenschaft, herausgegeben von K. Metzner, 
Heft 12.) 8vo. Pp. 104. (Berlin: Julius Springer, 
1927.) 7.50 gold marks. 

Wien, W., und Harms, F., Herausgegeben von. 
Handbuch der Experimentalphysik. Band 21: Anregung 
der Spektren, spektroskopische Apparate, von Georg Joos 
und Ernst v. Angerer; Starkeffekt, von Johannes Stark. 
Gl. 4to. Pp. xili+562. (Leipzig: Akademische Ver- 
lagsgesellschaft m.b.H., 1927.) 49 gold marks.* 

Wisdom, Alfred. Arithmetical Dictation: a System- 
atic Series of Exercises in Mental Arithmetic. Large Cr. 
8vo. Book 1, with Answers. Pp. xii+32. Book 2, with 
Answers. Pp. xii +35-64. Book 3, with Answers. Pp. xii+ 
65-96. Book 4, with answers. Pp. xii +97-128. (London: 
University of London Press, Ltd., 1927.) 1s. each. 


Engineering 


Ardenne, Alfred von. Der Bau von Widerstandsver- 
starken: Theorie und Praxis. (Die Radio-Reihe, Band 
17.) Zweite vollig umgearbeitete Auflage. 8vo. Pp. 143. 
(Berlin : Schmidt und Co., 1927.) 3.60 gold marks. 

Banneitz, F., Herausgegeben von. Taschenbuch der 
drahtlosen Telegraphie und Telephonie. Pp. xvi +1253. 
(Berlin: Julius Springer, 1927.) 64.50 gold marks. 

Barbillion, L., et Bergeon, P. Les alternateurs in- 
dustriels. 8vo. Pp. 296+8 planches. (Paris: Albin 
Michel, 1927.) 35 francs. 


Bauer, Gustav. Der Schiffsmaschinenbau. Band 2. 
4to. Pp. xiii+455+175. (Minchen und Berlin: R. 
Oldenbourg, 1927.) 54 gold marks. 

Becker, Karl. Die Elektrizitat im Eisenbahnbetriebe. 
Dritte neubearbeite und erweiterte Auflage. 8vo. Pp. 
181. (Charlottenburg: Nauck und Jiingling, 1927.) 3.90 
gold marks. 

Bilau, K. Die Windkraft in Theorie und Praxis: 
Gemeinverstiandliche Aérodynamik. 8vo. Pp. 158. (Berlin: 
Paul Parey, 1927.) 8.50 gold marks. 

Bloss, Adolf. Oberbau und _ Gleisverbindungen. 
(Handbibliothek fiir Bauingenieure, Teil 2, Band 4.) 
4to. Pp. vii+174. (Berlin: Julius Springer, 1927.) 
13.50 gold marks. 

Board of Education. Catalogue of the Collections in 
the Science Museum, South Kensington ; with Descriptive 
and Historical Notes and Illustrations. Electrical En- 
gineering. Compiled by F. St. A. Hartley. Roy. 8vo. 
Pp. 116+14 plates. (London: H.M. Stationery Office, 
1927.) 1s. 6d. net.* 

Bosch, M. ten. Die Warmeiibertragung: ein Lehr- 
und Nachschlagebuch. Zweite stark erweiterte Auflage. 
Roy. 8vo. Pp. viii+304. (Berlin: Julius Springer, 
1927.) 22.50 gold marks. 

Boss, Paul. Berechnung der Wasserspiegellage. (For- 
schungsarb. auf d. Geb. d. Ingenieurwesens, Heft 284.) 
4to. Pp. iv+96+9 Tafeln. (Berlin: V.D.I. Verlag 
G.m.b.H., 1927.) 7.50 gold marks. 

Brennecke, Ludwig. Der Grundbau. Vierte Auflage 
neubearbeitete und herausgegeben von Erich Lohmeyer. 
Band 1. Roy. 8vo. Pp. viii+261. (Berlin: Wilhelm 
Ernst und Sohn, 1927.) 19.20 gold marks. 

Craemer, H. Der elastisch drehbar gestiitzte Durch- 
laufbalken. 8vo. (Berlin: Julius Springer, 1927.) 5.10 
gold marks. 

Creager, William P., and Justin, Joel D., with the 
Assistance of Nine Contributors. Hydro-Electric Hand- 
book. Med. 8vo. Pp. xxiv+897. (New York: John 
Wiley and Sons, Inc. ; London: Chapman and Hall, Ltd., 
1927.) 40s. net.* 

Cross, Harold H. U. Modern Ignition Simply Ex- 
plained: a Simply-written Handy Book on Modern 
Ignition Systems; the Construction, Maintenance and 
Light Repairs, an Exposition of Principles, and Illumined 
by reference to the Leading Types of Ignition Devices. 
(Lockwood’s Manuals.) Cr. 8vo. Pp. 144. (London: 
Crosby Lockwood and Son, 1927.) 4s. net.* 

Crozet-Fourneyron, Marcel. Invention de la tur- 
bine: historique suivi d’une note sur un régulateur 
& mouvement louvoyant applicable aux turbines hy- 
drauliques. Ouvrage couronné par l’Académie des Sciences. 
Imp. 8vo. Pp. 55. (Paris et Liege : Ch. Béranger, 1927.) * 

David, Luz. Neuzeitliche freitragende Dachein- 
deckungen: Versuche, Theorie und praktische Anwendungen 
zum Behelf fiir Ingenieure, Architekten, Baubehérden und 
Baugeschafte. 8vo. Pp. iv+68. (Berlin: Julius 
Springer, 1927.) 4.50 gold marks. 

Dekker, P. M. Dredging and Dredging Appliances. 
Imp. 8vo. Pp. xvi+170. (London: Crosby Lockwood 
and Son, 1927.) 36s. net.* 

Falk, Richard F. Der phasenverschobene Strom, seine 
Messung und seine Verrechnung. 8vo. Pp. iv +92. 
(Berlin: Julius Springer, 1927.) 6.60 gold marks. 

Fischer, Joachim. Handbuch vom Auto. Konstruk- 
tion und Behandlung. Roy. 8vo. Pp. viii +332 +58 
Tafeln. (Berlin: Schmidt und Co., 1927.) 9 gold marks. 

Fitze, Walther H. Telegraphie und Telephonie. (Wege 
zum Wissen, Band 68.) Pott 8vo. Pp. 138. (Berlin: 
Verlag Ulistein, 1927.) 0.85 gold mark. 

Géldel, Paul. Bemessungstafeln fiir Eisenbetonkon- 
struktionen. Roy. 8vo. Pp. iv+231. (Berlin: Julius 
Springer, 1927.) 24 gold marks. 

Graf, Otto. Der Aufbau des Mértels und des Betons : 
Untersuchungen iiber die zweckmassige Zusammensetzung 
des Betons und des Zementmortels im Beton, Hilfsmittel 
zur Vorausbestimmung der Festigkeitseigenschaften des 
Betons auf der Baustelle, Versuchsergebnisse und Erfahrun- 
gen aus der Materialpriifungsanstalt an der Technischen 
Hochschule Stuttgart. Zweite neubearbeitete Auflage. 
8vo. Pp.76. (Berlin: JuliusSpringer, 1927.) 7.20 gold 
marks. 
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Grahl, Gustav de. Verwertung von Abfall- und Uber- 
schussenergie. 4to. Pp. vii+305+74 Tafeln. (Berlin: 
V. D. I. Verlag G.m.b.H., 1927.) 22 gold marks. 

Grassmann, R. Geometrie und Massbestimmung der 
Kulissensteuerungen: ein Lehrbuch fiir den Selbstunter- 
richt. Zweite Auflage. 8vo. (Berlin: Julius Springer, 
1927.) 13.50 gold marks. : 

Hanfland, Curt. Die wirtschaftliche Fertigung von 
Motoren und Kraftwagen unter weitgehender Beriicksichti- 
gung der Fliessarbeitsmethoden. (Handbiicher fiir Motoren- 
und Fahrzeugbau, Band 11.) 4to. Pp. xii +814+5Tafeln. 
(Berlin: Schmidt und Co., 1927.) 45 gold marks. 

Hirsch, M. Die Trockentechnik : Grundlagen, Berech- 
nung, Ausfiihrung und Betrieb der Trockeneinrichtungen. 
8vo. Pp. xiv +366. (Berlin: Julius Springer, 1927.) 31.80 
gold marks. 

Hofer, Max. Die Absteckung von Gleisbogen aus 
Evolventenunterschieden. Roy. 8vo. Pp. vi+98+7 
Tafeln. (Berlin: Julius Springer, 1927.) 9.60 gold marks. 

Hovey, Otis Ellio. Movable Bridges. Vol. 2: Machin- 
ery. Roy. 8vo. (New York: John Wiley and Sons, Inc. ; 
London: Chapman and Hall, Ltd., 1927.) 30s. net. 

Hiitte. Des Ingenieurs Taschenbuch. Herausgegeben 
vom Akad. Verein Hiitte. 25 neubearbeitete Auflage. 
Band 4. Pott 8vo. Pp. xx+864. (Berlin: Wilhelm 
Ernst und Sohn, 1927.) 15 gold marks. 

Isendahl, Walter. Bootsmotoren: Konstruktion, 
Einbau und Behandlung. (Motorschiff- und Jacht- 
Bibliothek, Band 1.) Dritte, vom Verf. durchgesehene und 
erweiterte Auflage. Pott 8vo. Pp. 228. (Berlin: Schmidt 
und Co., 1927.) 4 gold marks. 

Jacquinot, O. Navigation intérieure. Tome 2: Le réseau 
navigable frangais. (Grandes Encyclopédies industrielles. ) 
Roy. 8vo. Pp. 464. (Paris: J.-B. Bailliére et fils, 
1927.) 70 francs. 

Karg, Hans Rudolf. Pneumatische Materialtransporte 
unter besonderer Beriicksichtigung der Spaineabsaugean- 
lagen : ein neues prakt. Berechnungsverfahren. Roy. 8vo. 
Pp. vi+48. (Miinchen und Berlin: R. Oldenbourg, 1927.) 
3 gold marks. 

Kemp, Philip. Alternating Current Electrical Engin- 
eering. Demy 8vo. Pp. xi+575. (London: Macmillan 
and Co., Ltd., 1927.) 15s.* 

Kirby, Richard Shelton. The Elements of Specifica- 
tion: for Students in Civil Engineering. Roy. 8vo. 
(London: Chapman and Hall, Ltd., 1927.) 10s. net. 

K6rner, Kamillo. Der Bau des Dieselmotors. Zweite 
Auflage. 8vo. (Berlin: Julius Springer, 1927.) 75.50 gold 
marks. 

Kronenberg, Max. Grundziige der Zerspanungslehre : 
eine Einfiihrung in die Theorie der spanabhebenden For- 
mung und ihre Anwendung in der Praxis. 8vo. (Berlin: 
Julius Springer, 1927.) 22.50 gold marks. 

Kriiger, Richard. Wie baue ich Radio-Fernem- 
pfinger ? Hochleistungsapparate, Doppelreflex, Neutro- 
dyne, Ultradyne, Kurzwellenempfanger. Zweite erweiterte 
Auflage. 8vo. Pp. vii+94. (Berlin: Schmidt und Co., 
1927.) 3.25 gold marks. 

Kugelberg, August. Kleine Landhauser und Hiitten : 
eine Sammlung von Bauentwiirfen zur Anregung fir die 
Baulustgn. Dritte, vollstaéndig neu bearbeitete Auflage. 
Roy. 8vo. Pp. 111. (Hamburg: Boysen und Maasch, 
1927.) 4.80 gold marks. 

Langman, H.R. The Magneto Manual: a Practical 
and General Reference Work for Automobile Engineers, 
Aeronautical Engineers, Mechanics, Apprentices, Chauf- 
feurs, Car-Owners, etc. (Lockwood’s Manuals.) Cr. 8vo. 


Pp. x +221. (London: Crosby Lockwood and Son, 1927.) 
7s. 6d. net.* 
Loewe, H. Theorie des Wechselstromes in Einzeldar- 


stellungen. Teill. Pp. 78. 2.80 gold marks. Teil 2. Pp. 88. 

3.80 gold marks. (Leipzig: Hachmeister und Thal, 1927.) 
McAuliffe, Eugene. Railway Fuel: the Coal Prob- 

lem in its Relation to the Transportation and Use of Coal 

and Coal Substitutes by Steam Railroads. Roy. 8vo. 

Hg xix +468. (London: Simmons-Boardman Publishing 
0., 1927.) 

McLachlan, N. W. Wireless Loud-Speakers: a Prac- 
tical Manual describing the Principles of Operation, Per- 
formance and Design. Cr. 8vo. Pp. viii+139. (London: 
lliffe and Sons, Ltd., 1927.) 2s. 6d. net.* 


Merkel, Friedrich. Die Grundlagen der Warmeiber- 
tragung. (Warmelehre und Warmewirtschaft in Einzel- 
darstellungen, Band 4.) 8vo. Pp. xi+234. (Dresden 
und Leipzig : Theodor Steinkopff, 1927.) 13.50 gold marks. 

Mikolaschek, Karl. Mechanische Weberei. Neu 
bearbeitet von Christian Marschik. Funfte Auflage. Abt. 
1: Die Vorbereitungsmaschinen. Roy. 8vo. Pp. iii+ 
128. (Wien und Leipzig: Franz Deuticke, 1927.) 4 gold 
marks. 

MGllering, Heinrich. Die Sicherungs-Einrichtungen 
fiir den Zugverkehr auf den deutschen Bahnen. 8vo. Pp. 
xii+554. (Leipzig: S. Hirzel, 1927.) 32 gold marks. 

Nesper, Eugen. Netzanschlussgerite : eine Anleitung 
fir die Bau und Gebrauch von Geraten zur Entnahme der 
Heiz- und Anodenspannung aus Gleich- und Wechsel- 
stromnetzen. (Franckhs Radio fiir Alle-Biicher.) 8vo. 
Pp. 96. (Stuttgart: Franckhsche Verlagsbuchhandlung, 
1927.) 2.80 gold marks. 

Powell, F. E. Mechanical Drawing Simply Explained. 
(Model Engineer Series.) Gl. 8vo. Pp. 54. (London: 
Percival Marshall and Co., 1927.) 9d. net. 

Powell, F. E. Windmills and Wind Motors: how to 
Build and Run Them. (Model Engineer Series.) Gl. 
8vo. Pp. 64. (London: Percival Marshall and Co., 
1927.) 9d. net. 

Prince, David Chandler, and Vogdes, Francis 
Brooke. Principles of Mercury Arc Rectifiers and their 
Circuits. Med.8vo. Pp. ix +233. (New York: McGraw- 
Hill Book Co., Inc.; London: McGraw-Hill Publishing 
Co., Ltd., 1927.) 15s. net.* 

Retzow, U. Die Eigenschaften elektrotechnischer 
Isoliermaterialien in graphischen Darstellungen: eine 
Sammlung von Versuchsergebnissen aus Technik und 
Wirtschaft. 8vo. Pp. vi+250. (Berlin: Julius Springer, 
1927.) 24 gold marks. 

Richard, A. Les automobiles sans pétrole. Tome 1: 
L’alcool d’industrie. (Encyclopédie Léauté, 2¢ série.) 


Cr. 8vo. Pp. vi+222. (Paris: Masson et Cie, 1927.) 
18 francs. 

Rédiger, Wilhelm. Der elektrische Kraftwagen. 
8vo. Pp. 152. (Berlin: Siemens Verlag, 1927.) 6 gold 
marks. 


Ruhling, T. C. Underground Systems for Electric 
Light and Power. Med. 8vo. Pp. viii+346. (New 
York : McGraw-Hill Book Co., Inc. ; London: McGraw- 
Hill Publishing Co., Ltd., 1927.) 20s. net.* 

Sallinger, Franz. Transformatoren. (Sammlung 
Géschen, Band 952.) Pott 8vo. Pp. 114+12 Tafeln. 
(Berlin und Leipzig: Walter de Gruyter und Co., 1927.) 
1.50 gold marks. 

Schewior, Georg. Handbuch der Strassen- und 
Wegefiihrungen auf dem Lande. Roy. 8vo. Pp. xv+ 
404+5 Tafeln. (Berlin: Paul Parey, 1927.) 19 gold 


marks. 
Schmidt, Fritz, und Férster, Ernst. Die Schacht- 


fordermaschinen. (Die Bergwerksmaschinen, Band 3.) 
Zweite vermehrte und verbesserte Auflage. Teil 2: Die 
Dampf férdermaschinen, von Fritz Schmidt. Roy. 8vo. 


(Berlin: Julius Springer, 1927.) 15 gold 


Schwarzer, Hermann. Landmaschinenkunde : Lehr- 
buch fiir Landwirte, Techniker und Studierende. Dritte 
neubearbeitete Auflage. Roy. 8vo. Pp. xvi +376. (Berlin: 
Paul Parey, 1927.) 11 gold marks. 

Spooner, Thomas. Properties and Testing of Mag- 


Pp. vii +291. 
marks. 


netic Materials. Med. 8vo. Pp. xiv+385. (New York: 
McGraw-Hill Book Co., Inc.; London: McGraw-Hill 
Publishing Co., Ltd., 1927.) 25s. net.* 


Stoeger, C. O. Superheterodyne Empfanger. (Der 
Transponierungsempfang.) (Die Radio-Reihe, Band 16.) 
8vo. Pp. viii+66. (Berlin: Schmidt und Co., 1927.) 
3 gold marks. 

Toft, Louis, and Kersey, A. T.J. Theory of Machines: 
a Textbook covering the Syllabuses of the B.Sc.(Eng.), 
A.M. Inst.C.E., and A.M.I.Mech.E. Examinations in this 
Subject. (Engineering Degree Series.) Demy 8vo. a 
ix +408. (London: Sir Isaac Pitman and Sons, Ltd., 
1927.) 12s. 6d. net.* 

. Walther, C., Bearbeitet von. Handbuch der spar- 
samen Warmewirtschaft. Laufende Ausgabe, 1926-27. 
4to. Teil 1: Sparsame Warmewirtschaft in prakt. und 
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wissenschaftl. Darstellung. Pp. 144. Teil 2: Warme- 
techn., Lexikon und Bezugsquellennachweis. Pp. 22. 
Teil 3: Empfehlenswerte Fabrikate der warme- und 
heiztechn. Industrie. Pp. 32. (Stuttgart: Techn. Ver- 
lagsgesellschaft, 1926.) 

Wigge, Heinrich. Rundfunktechnisches Handbuch. 
Teil 2. 8vo. Pp. viili+317. (Berlin: M. Krayn, 1927.) 
12 gold marks. 

Wilman, Charles W. A Manual of Automatic Tele- 
phony. (Lockwood’s Manuals.) Cr. 8vo. Pp. vii +223. 
(London : Crosby Lockwood and Son, 1927.) 7s. 6d. net.* 

Wilson, J. Douglas, and Werner, S. O. Simplified 
Roof Framing. (McGraw-Hill Vocational Texts.) Ex. 
Cr. 8vo. Pp. vii+122. (New York: McGraw-Hill Book 
Co., Inc.; London: McGraw-Hill Publishing Co., Ltd., 
1927.) 7s. net.* 

Wotruba, Rudolf. Der ein- und mehrphasige Wechsel- 
strom : Einfahrung in d. Studium der Transformatoren 
und Wechselstrommaschinen. Roy. 8vo. Pp. vi+86. 
(Miinchen und Berlin: R. Oldenbourg, 1927.) 4 gold 
marks. 

Zeissl, J. Moderne Grundbautechnik. Teil 1. 8vo. 
Pp. 64. (Berlin: Wilhelm Ernst und Sohn, 1927.) 2.70 
gold marks. 

Ziegler, Paul. Der Talsperrenbau. Dritte neubear- 
beitete Auflage. Band 2. 4to. Pp. viii+302. (Berlin: 
Wilhelm Ernst und Sohn, 1927.) 29.40 gold marks. 


Chemistry: Chemical Engineering 


Baars, E. Uber-den Zustand des Ammoniaks in 
wasseriger Losung. Vortr.: ein Beitrag zur Erkenntnis der 
Pseudoelektrolyte. (Sammlung chemischer und chemisch- 
technischer Vortrage, Band 29.) Roy. 8vo. Pp. 53. 
(Stuttgart : Ferdinand Enke, 1927.) 4.50 gold marks. 

Baly, E.C.C. Spectroscopy. (Textbooks of Physical 
Chemistry.) Third edition. In 4 volumes. Demy 8vo. 
Vol. 2. Pp. viii+398+3 plates. (London: Longmans, 
Green and Co., Ltd., 1927.) 18s. net.* 

Baud, Paul. Chimie industrielle: la grande industrie 
chimique, les métalloides et leurs composés, les métaux et 
leurs sels, industries organiques. Deuxiéme édition entiére- 
ment réfondue. Roy. 8vo. Pp. xii+1022. (Paris: 
Masson et Cie, 1927.) 100 francs. 

Bauer, K. H., Herausgegeben von. Chemie-Biichlein : 
ein Jahrbuch der Chemie. Jahrgang 6. 8vo. Pp. 79. 
(Stuttgart: Franckhsche Verlagsbuchhandlung, 1927.) 
1.50 gold marks. 

Beckmann, Lothar. Erfinderbeteiligung. Versuch 
einer Systematik der Methoden der Erfinderbezahlung 
unter besonderer Beriicksichtigung der chemischen In- 
dustrie. Roy. 8vo. Pp. 190. (Berlin: Verlag Chemie 
G.m.b.H., 1927.) 7.50 gold marks. 

Bock, Laurenz. Herstellung von Buntiarben. (Mono- 
graphien iiber chemisch-technische Fabrikations-Methoden, 
Band 41.) Roy. 8vo. Pp. vii+113. (Halle a.S.: Wilhelm 
Knapp, 1927.) 7.70 gold marks. 

Bodansky, Meyer. Introduction to Physiological 
Chemistry. Med. 8vo. Pp. vii+440. (New York: John 
Wiley and Sons, Inc. ; London: Chapman and Hall, Ltd., 
1927.) 20s. net.* 

Bruchhold, Carl. Der Flotations-Prozess. Roy. 8vo. 
Pp. viii +288. (Berlin: Julius Springer, 1927.) 27 gold 
marks. 

Caven, R. M. Atoms and Molecules. Being Part I. 
and Chapter XII. of “The Foundations of Chemical 
Theory.” Demy 8vo. Pp. viii+141. (London, Glasgow 
and Bombay : Blackie and Son, Ltd., 1927.) 7s. net.* 

Department of Scientific and Industrial Research. 
Report of the Stone Preservation Committee. Roy. 8vo. 
Pp. iv +33 +4 plates. (London: H.M. Stationery Office, 
1927.) 1s. 3d. net.* 

Edlbacher, Siegfried. Die Strukturchemie der Amino- 
sauren und Eiweisskérper. (Einzeldarstellungen aus der 
Gesamtgebiet der Biochemie, Band 1.) Roy. 8vo. Pp. 
xi+188. (Wien und Leipzig: Franz Deuticke, 1927.) 
12 gold marks. 

Fischer, Martin H. Kolloidchemie der Wasserbin- 
dung : eine kritische und experimentelle Untersuchung der 
Wasserbindung in Kolloiden und ihrer Beziehungen zu d. 
Problemen der Wasserbindung in Physiologie, Medizin, 


und Technik. Zweite, erweiterte vom Verf. durchgesehene 
deutsche Ausgabe. Neue Ubersetzung der dritte ameri- 
kanisch Auflage von Katharina Popp. Band 1: Wasser- 
bindung in Odemen. Roy. 8vo. Pp. xvi+376. (Dresden 
und Leipzig: Theodor Steinkopff, 1927.) 20 gold marks. 

Foster, William. The Elements of Chemistry. Second 
printing, corrected. Demy 8vo. Pp. xviii+576. (New 
York: D. Van Nostrand Co.; London: Constable and 
Co., Ltd., 1926.) 2 dollars.* 

Frankel, Sigmund. Die Arzneimittel-Synthese auf 
Grundlage der ,Beziehungen zwischen chemischen Aufbau 
und Wirkung: fir Arzte, Chemiker und Pharmazeuten. 
Sechste umgearbeitete Auflage. Pp. viii+935. (Berlin: 
Julius Springer, 1927.) 87 gold marks. 

Frerk, Fr. Willy. Lichtbildkunde. Band 1: Werk- 
zeugkunde und Dunkelkammerarbeit. Roy. 8vo. Pp. 
437. (Berlin: Hackebeil Verlag, 1927.) 15 gold marks. 

Fuhrmann, Franz. Die Chemie der Nahrungs- und 
Genussmittel : ein Lehrbuch fiir Chemiker und Mediziner. 
Roy. 8vo. Pp. xi+610. (Berlin und Wien: Urban und 
Schwarzenberg, 1927.) 24 gold marks. 

Firth, Otto. Lehrbuch der physiologischen und 
pathologischen Chemie. Band 1, Teil 3. Sup. Roy. 8vo. 
Pp. v+417-583. (Leipzig: F. C. W. Vogel, 1927.) 
15 gold marks. 

Gadd, H. W. A Synopsis of the British Pharma- 
copeia, 1914. Eleventh edition. 32mo. (London: 
Bailliére, Tindall and Cox, 1927.) 2s. net. 

Gattermann, Ludwig. Die Praxis des organischen 
Chemikers. Zwanzigste Auflage bearbeitet von Heinrich 
Wieland. Roy. 8vo. Pp. xii+381. (Berlin und Leipzig : 
Walter de Gruyter und Co., 1927.) 15 gold marks. 

Gmelin und Kraut’s Handbuch der anorganischen 
Chemie. Siebente Auflage herausgegeben von C. Fried- 
heim und Franz Peters. (Band 6, Abteilung 1.) Lieferung 
218 bis 219. Roy. 8vo. Pp. 641-768. (Heidelberg : 
Carl Winter, 1927.) 8 gold marks. 

Houben, J. Fortschritte der Heilstoffchemie. Ab- 
teilung 1: Das deutsche Patentschriftwesen, Band 2, 
1901-1907. Pp. 974. (Berlin und Leipzig: Walter de 
Gruyter und Co., 1927.) 80 gold marks. 

Lifschitz, Israel. Kurzer Abriss der Spektroskopie 
und Kolorimetrie. (Handbuch der angewandten physika- 
lischen Chemie in Einzeldarstellungen, herausgegeben von 
Georg Bredig, Band 5.) Zweite neubearbeitete Auflage. 
Roy. 8vo. Pp. vili+325. (Leipzig: Johann Ambrosius 
Barth, 1927.) 25 gold marks. 

Margosches, B. M. Die Jodzahlischnellmethode und 
die Uberjodzahl der Fette : die Aktivierung des Jods durch 
Wasser. (Die chemische Analyse, herausgegeben von 
B. M. Margosches, Band 25.) Roy. 8vo. Pp. x+227. 
(Stuttgart : Ferdinand Enke, 1927.) 16.20 gold marks. 

Mezger, Robert, und Pistor, Friedrich. Die Re- 
aktionsfahigkeit des Kokses: ihre Ursachen, alte und 
neue Wege zu ihrer Bestimmung. (Kohle, Koks, Teer: 
Abhandlungen zur Praxis der Gewinnung, Veredelung 
und Verwertung der Brennstoffe, herausgegeben von J. 
Gwosdz, Band 12.) Roy. 8vo. Pp. viii+88+10 Tafeln. 
(Halle a.S.: Wilhelm Knapp, 1927.) 7.20 gold marks. 

Moore, F. J., and Underwood, H. W. Experiments 
in Organic Chemistry. Cr. 8vo. (London: Chapman and 
Hall, Ltd., 1927.) 6s. net. 

Miinzinger, Walter M. Die Farbenphotographie. 
(Lehrmeister-Biicherei, Nr. 841-843.) Pott 8vo. Pp. 88. 
(Leipzig : Hachmeister und Thal, 1927.) 1.05 gold 
marks. 

Naphtali, M. Chemie, Technologie und Analyse der 
Naphthenséuren. (Monographien aus dem Gebiete der 
Fett-Chemie, herausgegeben von K. H. Bauer, Band 8.) 
Pp. 144. (Stuttgart: Wissenschaftliche Verlagsgesell- 
schaft m.b.H., 1927.) 14 gold marks. 

Ponsinet, Jules. Principes de l’électrochimie. (Collec- 
tion Armand Colin.) Cr. 8vo. Pp. 211. (Paris: Armand 
Colin, 1927.) 9 francs. 

Probst, Emil. Handbuch der Zementwaren- und 
Kunststeinindustrie. Dritte, neubearbeitete und wesentl. 
erweiterte Auflage. Roy. 8vo. Pp. 865+10. (Halle a.S.: 
Verlag Marhold, 1927.) 21.50 gold marks. 

Prudhomme, E.-A. Le pétrole-roi: sa fabrication 
industrielle. Tome 1. Pp. 146. (Paris: René Guillon, 
1927.) 15 francs. , 
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Rapp, Rudolf. Wissenschaftliche Pharmazie in Rezep- 
tur und Defektur: eine Aufsatzreihe. 8vo. Pp. 94. 
(Berlin: Julius Springer, 1927.) 3.30 gold marks. 

Rice, Frank E. Organic Chemistry: designed for 
Students in Applied Biclogical Fields—Agriculture, Home 
Economics, Medicine, Dental Science, Pharmacy and 
Veterinary Medicine. (International Chemical Series.) 
Demy 8vo. Pp. ix+303. (New York: McGraw-Hill 
Book Co., Inc.; London: McGraw-Hill Publishing Co., 
Ltd., 1927.) 128. 6d. net.* 

Roberts, John. Coal Carbonization, High and Low 
Temperature : a Treatise on the Principles and Processes 
of Manufacturing Coke and Semi-Coke. (The Specialists’ 
Series.) Demy 8vo. Pp. xvi+406. (London: Sir Isaac 
Pitman and Sons, Ltd., 1927.) 25s. net.* 

Ridorff, Fr. Grundriss der Chemie fiir den Unterricht 
an hédheren Lehranstalten. Ausgabe B. Achtzehnte 
Auflage, bearbeitet von Hermann Petzold. Pp. 310. 
(Berlin: H.M. Miiller, 1927.) 5 gold marks. 

Schafer, Otto. Das Kalkbrennen mit Gas, Kohlen- 
staub und O1: eine eingehende Erlauterung und kritische 
Betrachtung der neuesten Kalkbrennweisen. 8vo. Pp. 
viii +132+4 Tafeln. (Leipzig: Verlag Voigt, 1927.) 4 
gold marks. 

Schmidt, Oskar, und Hahnle, Otto. Zement und 
Gips : die Betonzerst6rung durch Sulfate und d. Mittel zu 
ihrer Bekimpfung. 8vo. Pp. 38. (Stuttgart: Verlag 
Wittwer, 1927.) 2 gold marks. 

Schwantke, Christoph. Reaktionsschemata: zur 
Einfiihrung in die anorganische Chemie und zu Wieder- 
holungen. Pp.44. (Miinchen und Berlin: R.Oldenbourg, 
1927.) 0.75 gold mark. 

Schwarze, W. Vorschule der Chemie. Dritte um- 
gearbeitete Auflage. Roy. 8vo. Pp. vi+201. (Leipzig: 
Leopold Voss, 1927.) 4 gold marks. 

Smith, Edgar F. Old Chemistries. Sup. Roy. 8vo. 
Pp. xi+89+31 plates. (New York: McGraw-Hill Book 
Co., Inc.; London: McGraw-Hill Publishing Co., Ltd., 
1927.) 12s. 6d. net.* 

Strache, Hugo, und Ulmann,H. Leitfaden der Tech- 
nologie der Brennstoffe. 8vo. Pp. x+471. (Wien und 
Leipzig: Franz Deuticke, 1927.) 22 gold marks. 

Trutnovsky, H. Schwelgas. (Kohle, Koks, Teer: 
Abhandlungen zur Praxis der Gewinnung, Veredelung 
und Verwertung der Brennstoffe, herausgegeben von J. 
Gwosdz, Band 11.) Roy. 8vo. Pp. viii+124. (Halle 
a.S.: Wilhelm Knapp, 1927.) 9.40 gold marks. 

Westphal, Carl. Wirbelkristall und Wirbelkanal. 
Versuch einer kristallischen Aufbaues des periodischen 
Systems. 8vo. Pp. viii+63. (Braunschweig: Friedr. 
Vieweg und Sohn A.-G., 1927.) 3.50 gold marks. 


Technology 


Bamford, T. G., and Harris, Harold. The Metal- 
lurgist’s Annual. Demy 8vo. Pp. x+246+22 plates. 
(London : Chapman and Hall, Ltd., 1927.) 15s. net.* ; 

Bronneck, Hugo. Holz im Hochbau: ein neuzeitl. 
Hilfsbuch fir d. Entwurf, d. Berechnung und Ausfiihrung 
zimmermanns- und ingenieurmassiger Holzwerke im Hoch- 
bau. Roy. 8vo. Pp.xvi+388. (Wien: Julius Springer, 
1927.) 22.20 gold marks. 

Christiansen, Christian. Der Bildwerfer und seine 
Hilfsgerate (Kamera und Mikroskop) im Dienste des 
anschaulichen und heimatbetonten Unterrichts. (Bild- 
wart-Biicherei, Band 1.) Roy. 8vo. Pp. vii+104+44 
Tafeln. (Berlin : Verlag Bildwart, 1926.) 3.50 gold marks. 

Desaint, A. Ideas and Studies in Stencilling and 
Decorating. Roy. 4to. Pp. 24+40 plates. (London: 
Charles Griffin and Co., Ltd., 1927.) 15s. net.* 

Dickfach, Waldemar. Der Produktionsprozess in der 
Photopapier- und Photoplatten-Industrie. (Produktions- 

rozesse, Heft 2.) Roy. 8vo. Pp. vi+55. (Stuttgart: 

erlag Poeschel, 1927.) 

Edler, Robert. Schalterbau. Zweite Auflage. Band 
2: Schaltlehre (Wege zum Schaltplan). 8vo. Pp. xv+ 
412. (Leipzig: Max Janecke, 1927.) 18.50 gold marks. 

Gardner, Arthur, Described and Illustrated by. The 
Art and Sport of Alpine Photography. Demy 8vo. Pp. 
224+150 plates. (London: H. F. and G. Witherby, 
1927.) 21s. net.* 


Gruhn, Konrad. Messtechnische Ubungen der Elek- 
trotechnik. Roy. 8vo. Pp. vi+177. (Berlin: Julius 
Springer, 1927.) 10.50 gold marks. 

Haas, Robert. Vom wirtschaftlichen Geiste in der 
Technik. Pott 8vo. Pp. vi+62. (Berlin: V.D.I. Ver- 
lag G.m.b.H., 1927.) 1.40 gold marks. 

Hammerstrém, Rudolf. Kleine und mittlere Queck- 
silberdampf-Gleichrichter : eine Einfiihrung fiir die Prak- 
tiker. Pott8vo. Pp.32. (Berlin: Verlag Seydel, 1927.) 
0.90 gold mark. 

Harms, Gustav. Die Stromversorgung von Fern- 
melde-Anlagen: ein Handbuch. Roy. 8vo. Pp. vi+ 
137. (Berlin: Julius Springer, 1927.) 10.20 gold 
marks. 

Hasluck, Paul N. Lathe-work: the Tools, Appli- 
ances and Processes in the Art of Turning. Eleventh 
edition, revised andenlarged. Cr. 8vo. Pp. 244. (London: 
Crosby Lockwood and Son, 1927.) 5s. net. 

Hind, H. Lloyd, and Randles, W. Brough. Handbook 
of Photomicrography. Second edition (revised). Demy 
8vo. Pp. xii +295 +44 plates. (London: George Rout- 
ledge and Sons, Ltd.; New York: E. P. Dutton and Co., 
1927.) 16s. net.* 

Holmes, Sir Charles J. Notes on the Science of 
Picture-making. Illustrated and revised edition. Med. 
8vo. Pp. 355. (London: Chatto and Windus, 1927.) 
10s. 6d. net. 

Kautny, Theodor. Handbuch der autogenen Metall- 
bearbeitung unter Beriicksichtigung der elektr. Schweis- 
sung. Dritte véllig neubearbeitete und wesentlich er- 
weiterte Auflage. Roy.8vo. Pp. xii+825. (Halle a.S.: 
Verlag Marhold, 1927.) 19 gold marks. 

Lehner, Sigmund. Die Kunststeine: eine Schilde- 
rung d. Darst. kiinstl. Steinmassen, der Rohstoffe, Gerate 
und Maschinen. Dritte vollstindig neu _bearbeitete 
Auflage. (Chem.-techn. Bibliothek, Band 257.) 8vo. 
Pp. xi+412. (Wien: A. Hartleben, 1927.) 9 gold 
marks. 

Lewin, Max. Die Jacketkrone, ihre Herstellung und 
prakt. Anwendung. Dritte vermehrte und verbesserte 
Auflage. Roy. 8vo. Pp. 70. (Berlin: Verlag Meusser, 
1927.) 8.50 gold marks. 

Marshall, Percival. The Beginner’s Guide to the 
Lathe: Turning in Wood and Metal. (Model Engineer 
Series.) Gl. 8vo. Pp. 58. (London: Percival Marshall 
and Co., 1927.) 9d. net. 

Mayer, Emil. A Manual of Bromoil and Transfer. 
Translated by Joseph M. Bing. (Practical Photography, 
No. 12.) Cr. 8vo. Pp. 58. (Boston, Mass.: American 
Photographic Publishing Co., 1927.) 40 cents.* 

Michel, F. Metallniederschlage und Metallfarbungen : 
Praktische Anleitung fiir Galvaniseure und Metallfarber 
der Schmuckwaren- und sonstiger Metall verarbeitenden 
Industrien. 8vo. Pp. viii+179. (Berlin: Julius Springer, 
1927.) 6.90 gold marks. 

Millar, William. Plastering, Plain and Decorative. 
Edited and remodelled, with new chapters, by G. P. 
Bankart. Fourth edition, revised and enlarged. Cr. 4to. 
Pp. 359. (London: B. T. Batsford, Ltd., 1927.) 30s. 
net. 

Neblette, C. B. Photography, its Principles and 
Practice: a Manual of the Theory and Practice of 
Photography, designed for Use in Colleges, Technical 
Institutions and by the Advanced Student of the Science. 
Roy. 8vo. Pp. xviii+644. (London: Chapman and 
Hall, Ltd., 1927.) 30s. net.* 

Orlich, Ernst. Anleitungen zum Arbeiten im elektro- 
technischen Laboratorium. Teil 1. Zweite durchge- 
sehene Auflage. Roy. 8vo. Pp.iv+94. (Berlin: Julius 
Springer, 1927.) 3.15 gold marks. 

Protheroe, Ernest. A Book about the Romance of 
Mining. Cr. 8vo. Pp. 144. (London: The Epworth 
Press, 1927.) 2s. net. 

Rech, Hermann. Keramische Prothetik, Porzellan- 
fillungen, Porzellankronen, Jacketkronen, Porzellan- 
briicken, Zahnfleischblécke, Continuous-Gum-Arbeiten. 
Roy. 8vo. Pp.iv+108. (Berlin: Verlag Meusser, 1927.) 
12 gold marks. . 

Seed, T. Rutherford. Basket Work: a Practical 
Handbook. Cr. 4to. Pp. 47. (London: Oxford Uni- 
versity Press, 1927.) 3s. 6d. net. 
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Shapland, H. P. The Practical Decoration of Furni- 
ture. Vol. 3: Applied Metalwork, covering with Leather 
and Textiles, Lacquering and Miscellaneous Decoration. 
Demy 4to. (London: Ernest Benn, Ltd., 1927.) 12s. 6d. 
net. 

Steger, Walter. Warmewirtschaft in der keramischen 
Industrie. (Warmelehre und Warmewirtschaft in Einzel- 
darstellungen, herausgegeben von H. Pfiitzner, Band 5.) 
8vo. Pp. 147. (Dresden und Leipzig: Theodor Stein- 
kopff, 1927.) 8 gold marks. 


Astronomy 


Bell, Walter George. The Daily Telegraph Guide to 
the Eclipse. Cr. 8vo. Pp. 64. (London: Ernest Benn, 
Ltd., 1927.) 1s. net. 

Bloch, Werner. Unser Planetensystem. (Wege zum 
Wissen, Band 61.) Pott 8vo. Pp. 134. (Berlin: Verlag 
Ulistein, 1927.) 0.85 gold mark. 

Eddington, A.S. Stars and Atoms. Demy 8vo. Pp. 
127+6 plates. (Oxford: Clarendon Press; London: 
Oxford University Press, 1927.) 7s. 6d. net.* 

Henseling, Robert. Bilderplanetarium. Roy. 8vo. 
Pp. 48. (Stuttgart: Franckhsche Verlagsbuchhandlung, 
1927.) 1.50 gold marks. 

Henseling, Robert. Sternbiichlein 1927. (Stuttgart: 
Franckhsche Verlagsbuchhandlung, 1927.) 

Lindern, Georg von. Sonnenuhren: Anleitung zur 
Selbstanfertigung. (Lehrmeister-Biicherei, Band 817.) 
Pott 8vo. Pp. 31. (Leipzig: Hachmeister und Thal, 
1927.) 0.35 gold mark. 

Mading, Otto. Unsere Sonnenwelt, ein technisches 
Wunder. (Elektrochemie des Sonnensystems.) Roy. 8vo. 
Pp. 78. (Leipzig: Verlag Thomas, 1927.) 3 gold marks. 

MO6nnichmeyer, C., und Hopmann, J. Katalog der 
intermediaren Sterne von + 50° Deklinat. bis zum Nordpol 
fiir das Aequinoctium 1925 beob. am Repsoldschen Meri- 
diankreise. 4to. Pp. 55. (Bonn a. Rh.: Friedrich 
Cohen, 1927.) 

Springer, Max. Mensch, Zeit, Uhr: Zur Geschichte 
der Zeitmessung. (Wege zum Wissen, Band 67.) Pott 
8vo. Pp.150. (Berlin: Verlag Ullstein, 1927.) 0.85 gold 
mark. 

Stratton, F. J. M. Modern Eclipse Problems: being 
the Halley Lecture delivered on 20 May 1927; with Notes 
for the Observation of the Eclipse of 29 June 1927. 
Demy 8vo. Pp. 34+4 plates. (Oxford: Clarendon 
Press ; London: Oxford University Press, 1927.) 2s. 6d. 
net.* 

Stucker, P. Stern-Atlas fiir Freunde der Astronomie, 
enth. die Sterne bis 7.5 m nebst Katalog der wichtigsten 
Veranderlichen, Doppelsterne, Sternhaufen und Nebel. 
Teil 3: Der Sidhimmel von D= -39° bis D= -90°. 
5 zweifarb. Karten mit 7800 Obj. und 24 pp. Katalog und 
Hilfstaf. in 3 Sprachen. (Stuttgart: Franckhsche Ver- 
lagsbuchhandlung, 1927.) 10 gold marks. 

Stucker, P. Der Himmel im Bild: ein astr. Bilder- 
atlas. Pp. vi+31+72 Tafeln. (Stuttgart: Franckhsche 
Verlagsbuchhandlung, 1927.) 4.50 gold marks. 


Meteorology : Geophysics 


Air Ministry: Meteorological Office. Particulars 
of Meteorological Reports issued by Wireless Telegraphy 
in Great Britain and the Countries of Europe and North 
Africa. (M.O. 252.) Published by Authority of the 
Meteorological Committee. Fifth edition. Roy. 8vo. 
Pp. vi+154. (London: H.M. Stationery Office, 1927.) 
4s. net.* 


Geology: Mineralogy 


Behme, Friedrich. Geologischer Fiihrer durch die 
Liineburger Heide und angrenzende Gebiete. Teil3: Das 
Erd6l in Niedersachsen, Lagerung, Verbreitung, Ent- 
stehung. 8vo. Pp.96. (Hannover: Verlag Hahn, 1927.) 
3 gold marks. 


Conrad, W. Schw: en der seism. Aktivitat in 


verschiedenen Faltungsgebieten. Pp. 18. (Wien und 
Leipzig: Hélder-Pichler-Tempsky A.-G., 1926.) 0.70 
gold mark. 


Dammer, Bruno. Die nutzbaren Mineralien mit 
Ausnahme der Erze und Kohlen. Zweite neubearbeitete 
Auflage. Band 1. Pp. 554. (Stuttgart: Ferdinand 
Enke, 1927.) 33 gold marks. 

Davis, W. M. Les cétes et les récifs coralliens de la 
Nouvelle-Calédonie. Roy. 8vo. Pp.120. (Paris: Armand 
Colin, 1926.) 18 franes.* 

Drenkhahn, Rudolf. Kreislauf des Wassers und 
Gewasserkunde. (Sammlung Géschen, Band 960.) Pott 
8vo. Pp. 114+16 Tafeln. (Berlin und Leipzig: Walter 
de Gruyter und Co., 1927.) 1.50 gold marks. 

Gordon, Maria M. Ogilvie. Das Grédener-, Fassa- 
und Enneberggebiet in den Siidtiroler Dolomiten: Geo- 
logische Beschreibung mit besonderer Beriicksichtigung 
der Uberschiebungserscheinungen. Teil 1 und 2: Strati- 
graphie-Tektonik. (Abhandlungen der Geologischen 
Bundesanstalt, Band 24, Heft 1.) Imp. 4to. Pp. xxiii + 
376 +26 Tafeln. 90s. Teil 3: Palaontologie. (Abhandlungen 
der Geologischen Bundesanstalt, Band 24, Heft 2.) Imp. 
4to. Pp. 89 mit einem Atlas von 13 Tafeln. 30s. (Wien : 
Geologische Bundesanstalt, 1927.) * 

Gutenberg, B. Grundlagen der Erdbebenkunde. 
(Sammlung Borntraeger, Band 12.) Demy 8vo. Pp. 189. 
(Berlin : Gebriider Borntraeger, 1927.) 6.60 gold marks.* 

Heritsch, Franz. Wirkungen der Erdbeben auf Bau- 
werke (nach Bildern vom Erdbeben von Rann an d. Save, 
29. 1. 1917). (Geolog. Charakterbilder, Heft 34.) 4to. 
Pp. 16+8 Tafeln. (Berlin: Gebriider Borntraeger, 1927.) 
0.50 gold mark. 

Honess, Arthur P. The Nature, Origin and Interpreta- 
tion of the Etch Figures on Crystals. Med. 8vo. Pp. 
xlii+171. (New York: John Wiley and Sons, Ine. ; 
London: Chapman and Hall, Ltd., 1927.) 17s. 6d. net.* 

Johnstone, Mary A. The Elements of Geology. Cr. 
8vo. Pp. 285. (Edinburgh and London: Thomas Nelson 
and Sons, Ltd., 1927.) 3s. 6d. 

Preller, C. S. Du Riche. Italian Mountain Geology. 
Parts 1 and 2: Northern Italy and Tuscany. Third 
edition. Demy 8vo. Pp. vi+195. Part 3: The Gran 
Sasso d’Italia Group, Abruzzi, Central Apennines; The 
Voleanoes of Central and Southern Italy. Demy 8vo. 
Pp. vi+162. (London: Edward Stanford, Ltd., 1923- 
1924.) 2 vols., 15s. [New publisher and reduced price.] 

Schmiedel, O. Das Alter der Erde nach dem Ab- 
kiihlungsprozess. 8vo. Pp. 69. (Berlin: F. Diimmler, 
1927.) 

Shand, S. J. Eruptive Rocks: their Genesis, Com- 
position, Classification, and their Relation to Ore-Deposits ; 
with a Chapter on Meteorites. Demy 8vo. Pp. xx +360. 
(London: Thomas Murby and Co.; New York: D. Van 
Nostrand Co., 1927.) 20s. net.* 

Tutton, A. E. H. The Natural History of Ice and 
Snow: Illustrated from the Alps. Demy 8vo. Pp. 
xvi+319+48 plates. (London: Kegan Paul and Co., 
Ltd., 1927.) 21s. net.* 

Walther, Johannes. Allgemeine Paliontologie: 
Geologische Fragen in biologischer Betrachtung. Teil 4: 
Der Wandel des Lebens in Raum und Zeit. Sup. Roy. 8vo. 
Pp. iii + 549-809. (Berlin: Gebriider Borntraeger, 1927.) 
16.50 gold marks.* 


Geography: Travel 


Andree, Karl; Heiderich, Franz,und Sieger, Robert. 
Geographie des Welthandels: eine  wirtschaftsgeo- 
graphische Erdbeschreibung. Vierte Auflage  véollig 
neubearbeitete und herausgegeben von Franz Heiderich, 
Hermann Leiter und Robert Sieger. 3 Bande. Band 2: 
Die aussereuropiéischen Lander. 4to. Pp. xvi+1110. 
(Wien: L. W. Seidel und Sohn, 1927.) 38 gold marks. 

Angebauer, Karl. Ovambo: 15 Jahre unter Kaffern, 
Buschleuten und Bezirksamtmannern. Roy. 8vo. Pp. 
261. (Berlin: A. Scherl, 1927.) 6 gold marks. 

Arriens, C. Unter Kabylen und Beduinen: Wan- 
derungen im Atlasgebiet. (Wege zum Wissen, Band 69.) 
Pott 8vo. Pp. 120. (Berlin: Verlag Ullstein, 1927.) 
0.85 gold mark. 

Baedeker, Karl. Mittelitalien und Rom: Handbuch 
fir Reisende. Finfzehnte Auflage. Pott 8vo. Pp. lxvi 
+556+24. (Leipzig: Verlag Baedeker, 1927.) 12 gold 
marks. 
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Beals, Carleton. Brimstone and Chili: Personal Ex- 
periences in the Southwest and in Mexico. Demy 8vo. Pp. 
344. (New York and London: Alfred Knopf, 1927.) 21s.net. 

Blyth, Estelle. When We Lived in Jerusalem. 8vo. 
Pp. xi+348. (London: John Murray, 1927.) 12s. net. 

Braun, Fritz. Bolen: das Land und die Leute. Roy. 
8vo. Pp. 108. (Leipzig: List und von Bressensdorf, 
1927.) 4.60 gold marks. 

Braun, Gustav. Finnlands Kiisten und Hafen. 
(Meereskunde, Band 15, Heft 6.) 8vo. Pp. 32. (Berlin: 
E. S. Mittler und Sohn, 1927.) 1 gold mark. 

Brehm, A.C. Kreuz und quer durch Nordostafrika: 
Erlebnisse und Ereignisse einer Naturforscherreise. Bear- 
beitet und herausgegeben von C.W. Neumann. 8vo. Pp. 
357. (Leipzig: Verlag Reclam, 1927.) 2.40 gold marks. 

Brown, R. N. Rudmose. The Polar Regions: a 
Physical and Economic Geography of the Arctic and 
Antarctic. (Methuen’s Geographical Series.) Demy 8vo. 
Pp. ix+245. (London: Methuen and Co., Ltd., 1927.) 
12s. 6d. net.* 

Church, Major Archibald. East Africa, a new 
Dominion: a Crucial Experiment in Tropical Develop- 
ment and its Significance to the British Empire. Demy 
8vo. Pp. 315+12 plates. (London: H. F. and G. 
Witherby, 1927.) 18s. net.* 

Cornish, J. B., and Bridger, J. A. D., Edited by. 
Penzance and the Land’s End District : a Handbook for 
Visitors and Residents. (Homeland Handbooks.) . Gl. 
8vo. Pp. 104. (London: The Homeland Association, 
1927.) 1s. net. 

Cresswell, Beatrix F. Bude and its Borderland. 
(Homeland Handbooks.) Gl. 8vo. Pp. 80. (London: 
The Homeland Association, 1927.) 1s. net. 

Darwin, Sir Francis Sacheverell. Travels in Spain 
and the East, 1808-1810. Cr. 8vo. Pp. ix+121. (Cam- 
bridge : At the University Press, 1927.) 6s. net.* 

Donaldson, M. E. M. Further Wanderings—Mainly 
in Argyll: Recounting Highland History, Traditions, etc. 
Gl. 4to. Pp. xxxii+423. (Paisley: Alexander Gardner, 
Ltd.) 30s. net. 

Duckworth, Francis R.G. Chester. Second edition, 
revised. Demy 8vo. Pp. 190. (London: A. and C. 
Black, Ltd., 1927.) 6s. net. 

Dwight, H. G. Constantinople: Settings and Traits. 
Roy. 8vo. Pp. 607. (New York and London: Harper 
and Bros., 1927.) 16s. net. 

Edschmid, Kasimir (d. i. Ed. Schmid). Basken, 
Stiere, Araber: ein Buch itiber Spanien und Marokko. 
8vo. Pp. 235. (Berlin: Frankfurter Verlags-Anstalt, 
1927.) 7 gold marks. 

Ehlers, Wilhelm. In die Wunderwelt der Arktis: 
Schilderung einer Reise nach d. hohen Norden Island- 
Spitzbergen-Norwegen. 8vo. Pp. 128. (Bremen: Ver- 
lag Leuwer, 1927.) 6.50 gold marks. 

Epstein, M., Edited by. The Statesman’s Year Book : 
Statistical and Historical Annual of the States of the 
World for 1927. Sixty-fourth Annual Publication: Re- 
vised after Official Returns. Cr. 8vo. Pp. xxxviii + 1519. 
(London: Macmillan and Co., Ltd., 1927.) 20s. net.* 

Escherich, Georg. Im Urwald. 8vo. Pp. 146. 
(Berlin : Georg Stilke, 1927.) 4 gold marks. 

Feld, Erich. Italienreise: Luganer See, Mailand, 
Genua (u. a.). 8vo. Pp. 109. (Diisseldorf: Neue 
Briicke-Verlag, 1927.) 2.50 gold marks. 

Feuerstein, J. Der Schweizerische National-Park. 50 
kunstlerische Aufnahmen. Oblong Fcap. folio. Pp. iv + 
58 Tafeln. (Zurich: Brunner und Co. A.-G., 1927.) * 

Foord, Edward. The Channel Islands: a Handbook 
for Visitors and Residents. (Homeland Handbooks.) Gl. 
8vo. Part 1: Guernsey, Sark, Alderney and Herm. Pp. 
90. Part 2: The Island of Jersey. Pp. 80. (London: 
The Homeland Association, 1927.) 1s. net each. 

Fox, Sir Frank. Australia. Demy 8vo. Pp. 231. 
(London: A. and C. Black, Ltd., 1927.) 7s. 6d. net. 

Freeston, Charles L. France for the Motorist. 8vo. 
Pp. 224. (London: Cassell and Co., Ltd., 1927.) 7s. 6d. net. 

Friedrich, Ernst, Herausgegeben von. Minerva-Atlas: 
Handatlas fiir das deutsche Volk. Unter besonderer 
Bericksichtigung von Wirtschaft, Handel und Verkehr. 
4to. Pp. xvi+166 Karten. (Leipzig: Verlag Lippold, 
1927.) 38.50 gold marks. 


Funk, Susi. Die Waldsteppenlandschaften, ihr Wesen 
und ihre Verbreitung. 4to. Pp. 65. (Hamburg: L. 
Friederichsen und Co., 1927.) 4 gold marks. 

Gilbert, Richard. Everyman’s Sussex: the Country- 
side in Varying Moods and Seasons. Feap.4to. Pp. 128. 
(London: Robert Scott, 1927.) 3s. 6d. net. 

Glover, W. J. The Mediterranean Lands. (Glover’s 
‘New’ Geography Series, Book 9.) Cr. 8vo. Pp. 128. 
(London: Cassell and Co., Ltd., 1927.) 1s. 6d. 

Grey, J. R., and Grey, B. B. South Sea Settlers. 
Roy. 8vo. Pp. 263. (London and Bristol: J. W. Arrow- 
smith, Ltd., 1927.) 15s. net. 

Gwynn, Stephen. In Praise of France. Post 8vo. 
Pp. xxii+300+16 plates. (London: Nisbet and Co., 
Ltd., 1927.) 10s. 6d. net. 

Hartlieb, Wladimir von. Italien, Alte und neue 
Werte: ein Reisetagebuch. 8vo. Pp. xiii+571. 
(Miinchen : Georg Miller, 1927.) 8 gold marks. 

Heim, Albert. Die Gipfelflur der Alpen. (Neujahrs- 
bibliothek der Naturforsch. Ges. in Ziirich, Band 129.) - 
4to. Pp. 25+1 Tafel. (Zurich: Beer und Co., 1927.) 
2.70 gold marks. 

Hopfner, Friedrich. Die FigurderErde. (Die Land- 
karte.) 8vo. Pp.112. (WienundLeipzig: Osterreichischer 
Bundesverlag fiir Unterricht, Wissenschaft und Kunst, 
1927.) 4.30 gold marks. 

Humboldt, Alexander von. In Siidamerika. (Einf. : 
Uber Alexander von Humboldt (von) Paul Alfred Merbach. ) 
(Reisen und Abenteuer, Band 37.) Pott 8vo. Pp. 159. 
(Leipzig: F. A. Brockhaus, 1927.) 2.80 gold marks. 

Hurwicz, E. Der neue Osten. 8vo. Pp. viii+201. 
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Pp. viii +232. (Edinburgh and London: W. and A. K. 
Johnston, Ltd., 1927.) 4s. 

Kirsch, M. Im Lastkraftwagen von Berlin nach 
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photographie, Band 10.) Folio. Pp. x+94+40 Tafeln. 
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Mason, Gregory. Silver Cities of Yucatan. Demy 
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Putnam’s Sons, Ltd., 1927.) 15s. net. 
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Feap. 4to. Pp. 160. (London: The Medici Society, 1927.) 
7s. 6d. net. 
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Pp. 218. (London: John Lane, The Bodley Head, Ltd., 
1927.) 15s. net. 

Pietschmann, Victor. Eis und Palmen: Reiseskizzen 
aus Nord und Siid. 8vo. Pp. vii+309. (Wien und 
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11.) 8vo. Pp.88. (Rostock: Hinstorff Verlag, 1927.) 3 
gold marks. 

Schmidt, R. Die Abschliessung und Trockenlegung 
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Med. 8vo. Pp. 254. (London and Bristol: J. W. Arrow- 
smith, Ltd., 1927.) 16s. net. 
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MACMILLAN’S BOOKS ON 
APPLIED CHEMISTRY 


CRYSTALLINE FORM AND CHEMICAL CONSTITUTION. sya. £. TUTTON, 
D.Sc., M.A.(Oxon), F.R.S., Past President of the Mineralogical Society, London; Author of 
“ Crystallography and Practical Crystal Measurement.” With 72 Illustrations. 8vo. 10s. 6d. net. 

A TREATISE ON PHYSICAL CHEMISTRY. A Co-operative Effort by a Group of 
Physical Chemists. Edited by HUGH S. TAYLOR, D.Sc. In 2 Vols, Illustrated. 8vo. Vol. L., 
25s. net. Vol. IT., net. 

CHEMICAL TECHNOLOGY AND ANALYSIS OF OILS, FATS AND WAXES. 
By Dr. J. LEWKOWITSCH, M.A., F.1.C. Sixth Edition entirely rewritten and enlarged. Edited 
by GEORGE H. WARBURTON. In 3 Vols. Illustrated. Medium 8vo. Vol. I., 36s. net. 
Vol. II., 42s. net. Vol. III., 36s. net. 

LABORATORY COMPANION TO FATS AND OILS INDUSTRIES. sy px. 
J. LEWKOWITSCH, M.A., F.I.C. 8vo. 7s. 6d. net. 

A COMPLETE TREATISE ON INORGANIC CHEMISTRY. By the Ricur Hon. 
Sir H. E. ROSCOE, F.R.S., and C. SCHORLEMMER, F.R.S. 8vo. VoL. I. THE NON- 
METALLIC ELEMENTS. Fifth Edition. Revised by Dr. J.C. CAIN. 30s. net. VoL. II. 
THE METALS. Sixth Edition. Completely revised by B. MOUAT JONES, M.A., and others, 
In 2 Parts. net. 


THEORETICAL CHEMISTRY, FROM THE STANDPOINT OF AVOGADRO’S 
RULE AND THERMODYNAMICS. by prorrssok WALTER NERNST, Ph.D. 
Fifth Edition, Revised in accordance with the Eighth-Tenth German Edition by L. W. CODD, M.A. 
Illustrated. 8vo. 28s. net. 

DISTILLATION PRINCIPLES AND PROCESSES. sy sypNEy younc, DSc, 
F.R.S., with the collaboration of Lieut-Col. E. BRiGGs, B.Sc., T. HOWARD BUTLER, M.Sc., F.I.C., 
TuHos. H. DURRANS, M.Sc., F.I.C., the Hon. F. R. HENLEY, JAS. KEWLEY, M.A., and JOSEPH 
REILLY, D.Sc. With 210 Illustrations. 8vo. 40s. net. 


ALCOHOL: ITS PRODUCTION, PROPERTIES, CHEMISTRY AND INDUS- 
TRIAL APPLICATIONS. by c. SIMMONDS, B.Sc. Analyst in the Government 


Laboratory, London. Illustrated. 8vo. 2!Is. net. 


THE PRINCIPLES OF THE PHASE THEORY. By pouGLaAs A. CLIBBENS, Ph.D. 


Illustrated. 8vo. 25s, net. 

CATALYSIS: IN THEORY AND PRACTICE. By ERIC K. RIDEAL, Ph.D., and 
HUGH S. TAYLOR, D.Sc. Second Edition. Illustrated. 8vo. 20s. net. 

APPLIED CHEMISTRY. By 1. D. GARARD, Ph.D. Crown 8vo. 14s. net. 

OUTLINES OF INDUSTRIAL CHEMISTRY. 4 Text-Book for Students. By FRANK 
HALL THORP, Ph.D. 8vo._ 15s. net. 


THE MANUFACTURE OF INTERMEDIATE PRODUCTS FOR DYES. 


By JOHN CANNELL CAIN, D.Sc. With 25 INustrations. Second Edition Revised. 8vo. 
Ios. net. 

THE MANUFACTURE OF DYES. By JOHN CANNELL CAIN, D.Sc. 8vo. 12s. 6d. net. 

A SYSTEMATIC SURVEY OF THE ORGANIC COLOURING MATTERS. 
By PROFESSOR ARTHUR G, GREEN, F.I.C. Founded on the German of Drs. G. Schultz and 
P. Julius. Third Impression. Imp. 8vo. 253s. net. 

INTRODUCTION TO TEXTILE CHEMISTRY. By HARRY HARPER, B.Sc. 
Illustrated. Crown 8vo. 4s. 

A DICTIONARY OF CHEMICAL SOLUBILITIES: Inorganic. First Edition py 
ARTHUR M. COMEY, Ph.D. Second Edition, enlarged and revised by ARTHUR M. COMEY, 
Ph.D., and DOROTHY A. HAHN, Ph.D. 8vo. 63s, net. 

THEORETICAL AND APPLIED ELECTROCHEMISTRY. by MauRICE DE Kay 
THOMPSON, Associate Professor of Electrochemistry in the Massachusetts Institute of Technology. 
Revised Edition. Illustrated. 8vo. 20s. net. 

*,* Send for Macmillan’s Classified Catalogue, post free on application. 
MACMILLAN & CO., LTD., LONDON, W.C.z2. 
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MACMILLAN’S WORKS ON 
HIGHER PURE MATHEMATICS 


AN INTRODUCTION TO THE THEORY OF INFINITE SERIES. sy T. J. va. 
_ BROMWICH, M.A., Sc.D., F.R.S. Second Edition revised with the assistance ol a. Mi 
MACROBERT, D. Sc. 8vo. 30s, net. 


HIGHER MATHEMATICS FOR STUDENTS OF ENGINEERING AND SCIENCE. 


By FREDERICK G, W. BROWN, M.Sc.(London), F.C.P. Crown 8vo. Ios. 


INTERMEDIATE MATHEMATICS (Analysis). By T. S. USHERWOOD, B.Sc., 


Wh.Ex., A.M.I.Mech.E., and C. J. A. TRIMBLE, M.A. Crown 8vo. 7s, 6d. 
THE THEORY OF RELATIVITY. By L. SILBERSTEIN, Ph.D. Second Edition, 


enlarged. 8vo. 25s. net. 


VECTORIAL MECHANICS. by L. SILBERSTEIN, Ph.D. Second Edition. 8vo, ros. net. 
FUNCTIONS OF A COMPLEX VARIABLE. zy THOMAS M. MACROBERT, M.A., 


B.Sc. 8vo. 12s, net. 


AN ELEMENTARY TREATISE ON CURVE TRACING. By PERCIVAL FROST, 


D.Sc., F.R.S. Fourth Edition, revised by R. J. T. BELL, D.Sc. 8vo. 12s. 6d. net. 


ELEMENTS OF ANALYTICAL GEOMETRY. by GEORGE A. GIBSON, M.A, LL.D, 


and P. PINKERTON, M.A., D.Sc. Cr. 8vo. 8s. 6d. 


ELEMENTS OF COORDINATE GEOMETRY. By s. L. LONEY, M.A. Cr, 8vo. 


Complete, 12s. 


AN ELEMENTARY TREATISE ON COORDINATE GEOMETRY OF THREE 
DIMENSIONS. by ROBERT J. T. BELL, M.A. Second Edition, 8vo. 12s. 6d. 

| INTRODUCTION TO THE THEORY OF FOURIER’S SERIES AND 
INTEGRALS. By Pror. H.S.CARSLAW, Sc.D. Second Edition, completely revised. 8vo. 30s. net. 

INTRODUCTION TO THE MATHEMATICAL THEORY OF THE CONDUC- 
TION OF HEAT IN SOLIDS. By pror. H. S. CARSLAW, Sc.D. Second Edition, 


completely revised. 8vo. 30s. net, 


| A TREATISE ON BESSEL FUNCTIONS AND THEIR APPLICATIONS TO 


PHYSICS. by Pror. A. GRAY, F.R.S., and G. B. MATHEWS, F.R.S. Second Edition, 
prepared by Pror. A. GRAY and Dr. T. M. MACROBERT. 8vo. 36s. net. 


CALCULUS FOR BEGINNERS. by H.sSYDNEY JONES, M.A. Illustrated. Cr. 8vo. 4s. 6d. 
ELEMENTARY TREATISE ON THE CALCULUS. By Pror.G A.GIBSON. Cr. 8vo, 8s. 6d. 
INTRODUCTION TO THE CALCULUS. By Pror.GEORGEA. GIBSON. Cr. 8vo. 4s. 6d. 
THE DIFFERENTIAL CALCULUS. by josEPpH EDWARDS, M.A. With Applications 


and numerous Examples. Third Edition. 8vo. 17s. net. 


A TREATISE ON THE INTEGRAL CALCULUS. By JosEPH EDWaARDs, ma. 


2 vols. 8vo. 50s. net each, 


A TREATISE ON DIFFERENTIAL EQUATIONS. by Pror. A. R. FORSYTH, F.R.S. 


Fifth Edition. 8vo. 20s. net. Solutions of the Examples. Second Edition. 8vo. ros. net. 
CALCULUS MADE EASY. By Pror.SILVANUS P. THOMPSON. Second Edition. Gl. 8vo, 3s. 
EXPONENTIALS MADE EASY, OR THE STORY OF ‘EPSILON.’ By mc. 


J. GHEURY DE BRAY. Gl. 8vo. 4s. 6d. net. 
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MACMILLAN 


1927 ISSUE. NOW READY. 


THE STATESMAN’S YEAR-BOOK 
Edited by M. EPSTEIN, M.A., Ph.D., F.R.G.S. With Maps. Crown 8vo. 20s. net. 


THE DAILY MAIL.—“ Just as up-to-date, as accurate, and as full of information about every country 
as ever.’ ; 
THE ECONOMIST.—‘ This annual reference book needs no introduction to our readers. It is in- 
dispensable to all students of public or international affairs. No intelligent household or office should be 
without it.” 


THE ABILITIES OF MAN: THEIR NATURE AND MEASUREMENT. 
By C. SPEARMAN, Ph.D., F.R.S. 8vo. 16s. net. 

THE SUNDAY TIMES.—“ In collecting into this volume the scattered reports of a quarter of a century’s 

intensive research, Professor Spearman‘has put into an easily understood form his theory of the nature of general 

intelligence, which marks a new epoch in the study of the mind and confers high distinction on British psychology.” 


CATALYSIS IN THEORY AND PRACTICE. by ERIC K. RIDEAL, Owen Jones 
Lecturer on Physical Chemistry, Cambridge University, England, and HUGH S. TAYLOR, 
Professor of Physical Chemistry, Princeton University, U.S.A. Second Edition.  Illus- 
trated. 8vo. 20s. net. 


BULLETIN OF THE IMPERIAL INSTITUTE.—“ This book is one that can be recommended to 
all those who desire to study the theory underlying the different catalytic processes of technical importance.” 


A DICTIONARY OF APPLIED PHYSICS. Edited by sir RICHARD 
GLAZEBROOK, K.C.B., D.Sc., F.R.S.. In 5 Vols. Medium 8vo, Fully Illustrated. 
43:38. net each. The set of five volumes, £14: 14s. net. 


Vol. I. MECHANICS — ENGINEERING — Vol.IV. LIGHT, SOUND and RADIO- 
HEAT. LOGY. 

Vol. II. ELECTRICITY. 

Vol. II. METEOROLOGY, METROLOGY, Vol. V. AERONAUTICS, METALLURGY 
and MEASURING APPARATUS. —GENERAL INDEX. 


*,* Full descriptive Prospectus post free on application. 


PHYSICS FOR COLLEGES. by H. H. SHELDON, Ph.D.; C. V. KENT, Ph.D. ; 
C. W. MILLER, Ph.D.; and R. F. PATON, Ph.D. Illustrated. 8vo. 16s, net. 

THE TIMES EDUCATIONAL SUPPLEMENT.—“‘The presentation of the subject is simple and 
comprehensive. After a first part on mechanics, there follow heat and molecular physics, electricity and 
magnetism, and lastly, sound and light, dominated respectively by the kinetic theory, the electron theory, and 
wave-motion. Division of labour in the vastly grown subject of ‘ay aa is not to be wondered at, and Dr. 
Sheldon, the editor, must be congratulated on the success with which he has adjusted it.” 


LECTURES ON THEORETICAL PHYSICS. Delivered at the University of 
Leiden by H. A. LORENTZ. Authorised Translation by L. SILBERSTEIN, Ph.D., 
and A. P. H. TRIVELLI. Vol. I. Aether Theories and Aether Models. Edited by 
H. BREMEKAMP, Ph.D. Kinetical Problems. Edited by E. D. BRUINS, Ph.D., and 
J. REUDLER, Ph.D. With Figures. 8vo. 12s.-6d. net. 

YMES LITERARY SUPPLEMENT.—“‘ Should be of deep interest to the advanced student 

of physics. 


INTRODUCTION TO CONTEMPORARY PHYSICS. sy XK. 
DARROW, Ph.D., Member of the Technical Staff, Bell Telephone Laboratories, Inc, 


Illustrated. 8vo. 25s. net. 
THE TIMES LITERARY SUPPLEMENT.—“‘A valuable work.” 


X-RAYS AND ELECTRONS. An Outline of Recent X-Ray Theory. By ARTHUR 
H. COMPTON, Ph.D., Professor of Physics in the University of Chicago. Illustrated. 
8vo. 25s. net. 


ALTERNATING CURRENT ELECTRICAL ENGINEERING. By 
KEMP, M.Sc.Tech., M.I.E.E.Assoc, A.I.E.E., author of ‘Rudiments of Electrical 
Engineering,” etc. Third Edition. Illustrated. 8vo. 165s. 


A CONCISE GEOMETRICAL CONICS. by CLEMENT Vv. DURELL, MA, 
Senior Mathematical Master at Winchester College. Crown 8vo, 4s. 

HINTS AND SOLUTIONS OF THE EXERCISES IN ‘CONCISE GEOMETRICAL CONICS.” Crown 8vo. 
Limp Cloth. 2s. 6d. 
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MACMILLAN’S WORKS ON ELECTRICAL, 
MARINE, MECHANICAL AND MINING ENGINEERING 
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besonderer Beriicksichtigung der Pathobiologie. 4to. ~Pp. 
viii + 353. (Miinchen: J. F. Bergmann, 1927.) 48 gold 
marks. 

Fraser-Harris, David. Nerves, Master-System of the 
Body. (The Modern Health Books.) Feap. 8vo. Pp. 222. 
(London: Faber and Gwyer, Ltd., 1927.) 3s. 6d. net.* 

Grenfell, Wilfrid T. Yourself and Your Body. Cr. 
8vo. Pp. 329. (London: Hodder and Stoughton, Ltd., 
1927.) 3s. 6d. net. 

Haberlandt, Ludwig. Das Hormon der Herzbewe- 
gung. Roy. 8vo. Pp.vii+57. (Berlin und Wien: Urban 
und Schwarzenberg, 1927.) 3.60 gold marks. 

Heimann-Trosien, Annemarie, und Hirsch-Kauff- 
mann, Herbert. Der kindliche Diabetes unter besonderer 
Beriicksichtigung seiner Behandlung. (Jahrbuch fir 
Kinderheilkunde, Band 114, Heft 6.) Roy. 8vo. Pp. 
331-355 +3 Tafeln. (Berlin: S. Karger, 1927.) 1.60 gold 
marks. 

Jackson, J. Hughlings. Die Croon-Vorlesungen iiber 
Aufbau und Abbau des Nervensystems. (Croonian Lec- 
tures on the Evolution and Dissolution of the Nervous 
System, 1884.) Ubersetzt und eingel. von Otto Sittig. 
8vo. Pp. 137. (Berlin: S. Karger, 1927.) 6.60 gold 
marks. 

Jakob, Alfons. Normale und pathologische Anatomie 
und Histologie des Grosshirns: mit besonderer Beriick- 
sichtigung der Histopathologie d. Psychosen und extra- 
pyramidalen Erkrankungen. Band 1: Normale Anatomie 
und Histologie und allgemeine Histopathologie d. Gross- 
hirns. 4to. Pp. xxii+457. (Liepzig und Wien: Franz 
Deuticke, 1927.) 57 gold marks. 

Jaschke, Rudolf Theodor von. Physiologie, Pflege 
und Ernaéhrung des Neugeborenen einschliessl. d. Er- 
nahrungsstérungen d. Brustkinder in d. Neugeburtszeit. 
(Deutsche Frauenheilkunde, Band 3.) Zweite, verbesserte 
und vermehrte Auflage. 4to. Pp. xv +522+4 Tafeln. 
(Miinchen: J. F. Bergmann, 1927.) 39 gold marks. 

Kitt, Theodor. Lehrbuch der pathologischen Ana- 
tomie der Haustiere fiir Tierirzte und Studierende der 
Tiermedizin. Fiinfte, neubearbeitete Auflage. 3 Biinde. 
Band 3. Roy. 8vo. Pp. vii+695+4Tafeln. (Stuttgart : 
Ferdinand Enke, 1927.) 45 gold marks. 

Klieneberger, Otto. Psyche und innere Sekretion. 
Roy. 8vo. Pp.76. (Halle a. S.: Verlag Marhold, 1927.) 
2.75 gold marks. 

Krause, Curt. Uber die Bestimmung des Alters von 
Organveranderungen bei Mensch und Tier auf Grund 
histologischer Merkmale: mit besonderer Beriicksichtigung 
d. Hamosiderinbildung bei Pferd, Rind und Hund. Roy. 
8vo. Pp. iii+120. (Jena: Gustav Fischer, 1927.) 
6 gold marks. 

Lubarsch, O., Ostertag, R. von, und Frei, W., Her- 
ausgegeben von. Ergebnisse der allgemeinen Pathologie 
und pathologischen Anatomie des Menschen und der Tiere. 
Band 1: Allgemeine Pathologie und pathologische Ana- 
tomie des Auges. Teil 1. Bearbeitet von A. Birch- 
Hirschfeld, Wolfgang Hoffmann, Heinrich Jakob (u.a.). 
4to. Pp. ix+629. (Miinchen: J. F. Bergmann, 1927.) 
88 gold marks. 

Mangold, Ernst, und Klein, W. Bewegungen und 
Innervation des Wiederkaéuermagens: ein Beitrag zur 
Physiologie der vegetat. Nervensystems. Roy. 8vo. Pp. 
58. (Leipzig: Georg Thieme, 1927.) 3.60 gold marks. 

Merkel, Friedrich. Die Anatomie des Menschen. 
Zweite Auflage bearbeitet von Erich Kallius. Abt. 1: 
Einleitung, allgemeine Gewebelehre, Grundziige der Ent- 
wicklungslehre. 4to. Pp. viii+288. (Miinchen: J. F. 
Bergmann, 1927.) 21 gold marks. 


MdGllendorff, Wilhelm von, Herausgegeben von. 
Handbuch der mikroskopischen Anatomie des Menschen. 
Band 5: Verdauungsapparat. Teil 1: Mundhdhle. 
Speicheldriisen, Tonsillen, Rachen, Speiseréhre, Serosa. 
Pp. vii+374. (Berlin: Julius Springer, 1927.) 72 gold 
marks. 

Oertel, Otto. Leitfaden der topographischen Ana- 
tomie und ihrer Anwendung : fiir Studierende und Arzte. 
Zweite, vollstindig umgearbeitete und vermehrte Auflage. 
Roy. 8vo. Pp. vi+333. (Berlin: S. Karger, 1927.) 
15.60 gold marks. 

Osterhout, W. J. V. Some Fundamental Problems of 
Cellular Physiology. (The Third William Thompson 
Sedgwick Memorial Lecture. Published under the auspices 
of the Yale School of Medicine on the foundation estab- 
lished in memory of William Chauncey Williams, of the 
Class of 1822, Yale Medical School, and of William Cook 
Williams, of the Class of 1850, Yale Medical School.) Cr. 
8vo. Pp. vi+55. (New Haven, Conn.: Yale University 
Press ; London: Oxford University Press, 1927.) 4s. 6d. 
net. 

Pineles, Friedrich, und Spitzer, Hans. Nerven- 
krankheiten und innere Sekretion. (Sammlung zwangl. 
Abhandlungen aus dem Gebiet der Verdauungs- und 
Stoffwechselkrankheiten, Band 10, Heft 3.) Roy. 8vo. 
Pp. 60. (Halle a.S.: Verlag Marhold, 1927.) 2.30 gold 
marks. 

Schenk, Friedrich, und Giirber, August. Leitfaden 
der Physiologie des Menschen fiir Studierende. 23 Auflage 
von A. Girber und Rudolf Dittler. Roy. 8vo. Pp. viii 
+200. (Stuttgart: Ferdinand Enke, 1927.) 10 gold 
marks. 

Schmaltz, Reinhold. Atlas der Anatomie des Pferdes. 
Teil 4: Die Eingeweide in topographischen und. Einzel- 
darstellungen. 4to. Pp. vi+4+79-117 Tafeln. (Berlin: 
Verlag Schoetz, 1927.) 32 gold marks. 

Schwalbe, Ernst, Begriindet von. Die Morphologie 
der Missbildungen des Menschen und der Tiere. Heraus- 
gegeben von Georg Benno Gruber. Teil 3: Die Missbil- 
dungen des Muskelsystems (ausschliessl. des Zwerchfells), 
von A. Binder; Die Missbildungen des Zwerchfells, von 
Georg Benno Gruber; Die Missbildungen des Harnorgane, 
von Georg Benno Gruber. 4to. Pp. iv+374. (Jena: 
Gustav Fischer, 1927.) 20 gold marks. 

Stigler, Robert. Lehrbuch der Physiologie in ein- 
facher Darstellung. Dritte, neubearbeitete Auflage. 8vo. 
Pp. xii +264. (Berlin und Wien: Urban und Schwarzen- 
berg, 1927.) 9 gold marks. 

Triepel, Hermann. Die anatomischen Namen: ihre 
Ableitung und Aussprache. Elfte Auflage. 8vo. Pp. 
viii+100. (Mimnchen: J. F. Bergmann, 1927.) 3.30 gol 
marks. 

Zondek, S. G. Die Elektrolyte: ihre Bedeutung fir 
Physiologie, Pathologie und Therapie. 8vo. Pp. viii + 365. 
(Berlin : Julius Springer, 1927.) 24 gold marks. 


Anthropology: Archeology 


Adler, Alfred. Menschenkenntnis. Roy. 8vo. Pp. 
vii +236. (Leipzig: S. Hirzel, 1927.) 8 gold marks. 

Bernatzik, Hugo Adolf. Typen und Tiere im Sudan. 
Roy. 8vo. Pp. 170. (Leipzig: F. A. Brockhaus, 1927.) 
11 gold marks. 

Beth, Karl. Religion und Magie: ein religionsge- 
schichtlich Beitrag zur psychologische Grundlegung der 
religidsen Prinzipienlehre. Zweite, umgearbeitete Auflage. 
Roy. 8vo. Pp. xii+433. (Leipzig und Berlin: B. G. 
Teubner, 1927.) 14 gold marks. 

Brandstetter, Renward. Die Menschen der indo- 
nesischen Erde. 5: Das Herz des Indonesiers. 8vo. Pp. 
30. (Luzern: Verlag Haag, 1927.) 

Briffault, Robert. The Mothers: a Study of the 
Origins of Sentiments and Institutions. In 3 volumes. 
Roy. 8vo. Vol. 2. Pp. xx+789. Vol. 3. Pp. xv +84l. 
(London: George Allen and Unwin, Ltd.; New York: 
The Macmillan Co., 1927.) 25s. net each.* 2 

Dacqué, Edgar. Urwelt, Sage und Menschheit : eine 
naturhist.-metaphys. Studie. Vierte, erginzte Auflage. 
8vo. Pp. xi+367. (Minchen und Berlin: R. Olden- 
bourg, 1927.) 11.50 gold marks. 
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Dorsey, George A. The Nature of Man. Cr. 8vo. 
Pp. viii+104. (London: Harper and Bros., 1927.) 
3s. 6d. net.* 

Ebeling, Erich. Keilschrifttexte aus Assur juristischen 
Inhalts. (Ausgrabungen der Deutsche Orient-Gesellschaft 
in Assur; E: Inschriften, IV ; Wissenschaftl. Verédffent- 
lichung der Deutsche Orient-Gesellschaft, 50.) Folio. Pp. 
viii + 156. (Leipzig: Verlag Hinrich, 1927.) 30 gold marks. 

Elnett, Elaine. Historic Origin and Social Develop- 
ment of Family Life in Russia. Ex. Cr. 8vo. Pp. xi+ 
151. (New York: Columbia University Press ; London : 
Oxford University Press, 1926.) 12s. 6d. net.* 

Fischer, Eugen. Rasse und Rasseentstehung beim 
Menschen. (Wege zum Wissen, Band 62.) Pott 8vo. 
Pp. 138. (Berlin: Verlag Ulistein, 1927.) 0.85 gold 
mark. 

Fox, Nikolaus. Saarlaindische Volkskunde. (Volks- 
kunde rhein. Landschaften.) 8vo. Pp. xi+498. (Bonn: 
Verlag Klopp, 1927.) 8.50 gold marks. 

Gobineau, A. Graf. Die Bedeutung der Rasse im 
Leben der Volker. 8vo. Pp. 120. (Miinchen: J. F. 
Lehmann, 1927.) 2.50 gold marks. 

Giinther, Hans F.K. Adel und Rasse. Zweite, ver- 
besserte und vermehrte Auflage. Roy. 8vo. Pp. 124. 
{Miinchen : J. F. Lehmann, 1927.) 4.50 gold marks. 

Hocart, A. M. Kingship. Demy 8vo. Pp. x +250. 
(London : Oxford University Press, 1927.) 12s. 6d. net.* 

Ivens, W. G. Melanesians of the South-east Solomon 
Islands. Roy. 8vo. Pp. xix +529+15 plates. (London : 
Kegan Paul and Co., Ltd., 1927.) 30s. net.* 

Jung, C. G. Die Bedeutung des Vaters fiir das 
Schicksal des Einzelnen. Zweite, unveranderte Auflage. 
Roy. 8vo. Pp. iii+19. (Leipzig und Wien: Franz 
Deuticke, 1927.) 

Kaplan, Leo. Das Problem der Magie und die Psycho- 
analyse: eine ethnopsychologische und psychoanalytische 
Untersuchung. (Die magische Bibliothek, Band 2.) Roy. 
8vo. Pp. xi+190. (Heidelberg: Merlin-Verlag, 1927.) 
5.50 gold marks. 

Kneen, J. J. The Place-Names of the Isle of Man, 
with their Origin and History. In 6 Parts. Med. 8vo. 
Parts 1-3. Pp.313. (Douglas: The Manx Society, 1927.) 
5s. net each part ; 21s. the set. 

Lagden, Sir Godfrey. The Native Races of the Em- 
pire. (British Empire Series.) Cheap edition. Med. 8vo. 
Pp. 401. (London and Glasgow: W. Coljins, Sons and 
Co., Ltd., 1927.) 6s. net. 

Law, Bimala Churn. Ancient Indian Tribes. (Pun- 
jab Oriental (Sanskrit) Series.) Demy 8vo. Pp. 191. 
(Lahore: Punjab Sanskrit Book Depét, 1927.) 

Lazarsfeld, Sofie. Die Ehe von heute und morgen. 
(Indiv.- und Gemeinsch. Schr. d. Internat.. Ges. fiir 
Individualpsychol., Heft 8.) 8vo. Pp. 73. (Miinchen : 
J. F. Bergmann, 1927.) 3 gold marks. 

Louis, Paul. Ancient Rome at Work: an Economic 
History of Rome from the Origins to the Empire. Trans- 
lated by E. B. F. Wareing. (The History of Civilization 
Series.) Roy. 8vo. Pp. xiv +347+4 plates. (London: 


Kegan Paul and Co., Ltd.; New York: Alfred A. Knopf, ° 


1927.) 16s. net.* 

Luckenbill, Daniel David. Ancient Records of 
Assyria and Babylonia. In 2 volumes Sup. Roy. 8vo. 
Vol. 1: Historical Records of Assyria, from Earliest Times 
to Sargon. Pp. xvi+297. Vol. 2: Historical Records 
of Assyria from Sargon to the End. Pp. xii+504. 
{Chicago, Ill.: University of Chicago Press; London: 
Cambridge University Press, 1927.) 

Mackenzie, Donald A. The Story of Ancient Baby- 
lonia and Assyria. (Rambles through History Series.) 
Cr. 8vo. Pp. 80. (London and Glasgow: Blackie and 
Son, Ltd., 1927.) 1s. 3d. 

Mackenzie, Donald A. The Story of Ancient Egypt. 
(Rambles through History Series.) Cr. 8vo. Pp. 80. 
(London and Glasgow : Blackie and Son, Ltd., 1927.) 1s. 3d. 

Murphy, John. Primitive Man: his Essential Quest. 
Demy 8vo. Pp. xiv+342. (London: Oxford University 
Press, 1927.) 15s. net.* 

Naville, E. L’écriture égyptienne: essai sur l’origine 
et la formation de l’une des premiéres écritures mediter- 
ranéennes. 8vo. Pp. x+143. (Paris: Paul Geuthner, 
1926.) 30 francs. 


Newell, Edward T. The Coinages of Demetrius 
Poliorcetes. Imp. 8vo. Pp.ix+174+18plates. (London: 4 
Oxford University Press, 1927.) 42s. net. 

Price, Ira Maurice. The Great Cylinder Inscriptions 
A and B of Gudea (about 2450 B.c.), to which are added 
his Statues as Part 2 with Transliteration, Translation, 
Notes, full Vocabulary and Sign-lists. (Assyriologische 
Bibliothek, herausgegeben von Friedrich Delitzsch und 
Paul Haupt, Band 26.) 4to. Pp. xv+169. (Leipzig: 
Verlag Hinrich, 1927.) 50 gold marks. 

Puckle, Bertram S. Funeral Customs: their Origin 
and Development. Med. 8vo. Pp. 283. (London: T, 
Werner Laurie, Ltd., 1927.) 16s. net. 

Scheidt, Walter, und Wriede, Hinrich. Die Elbinsel ‘ 
Finkenwarder. Verdff. d. Werkbundes fiir deutsche 
Volkstums- und Rassenforschung. Mit Anhang: Anlage 
und Arbeitsweise rassenkundl. und volkstumskundl. 
Erhebungen in Deutschland, von Wilhelm Pessler und 
Walter Scheidt. (Beitrage und Sammelarb. zur Rassen- 
kunde Europas, Band 3.) Roy. 8vo. Pp. 150. (Miinchen: 
J. F. Lehmann, 1927.) 10 gold marks. 

Spiegelberg, Wilhelm. The Credibility of Herodotus’ 
Account of Egypt in the Light of the Egyptian Monu- 
ments: being a Lecture delivered at the Fifty-fifth Con- 
gress of German Philologists and Schoolmasters at Erlangen. 
With a few Additional Notes by the Translator, Aylward M. 
Blackman. Demy 8vo. Pp.iv+40+2 plates. (Oxford: 
Basil Blackwell, 1927.) 2s. 6d. net.* 

Summers, Montague. The Geography of Witchcraft. 
(The History of Civilization Series.) Roy. 8vo. Pp. xi+ 
623+8 plates. (London: Kegan Paul and Co., Ltd.; 
New York: Alfred A. Knopf, 1927.) 21s. net.* 

Sumner, William Graham, and Keller, Albert 
Galloway. The Science of Society. (Published under 
the Auspices of the Summer Club on the Foundation 
established in Memory of Philip Hamilton McMillan of 
the Class of 1894, Yale College.) 2vols. Med. 8vo. Vol. 
1. Pp. xxxii+734. Vol. 2. Pp. xxii+735-1481. (New 
Haven, Conn. : Yale University Press; London: Oxford 
University Press, 1927.) 18s. net each vol.* 

Waddeil, L. A. The Aryan Origin of the Alphabet : 
disclosing the Sumero-Pheenician Parentage of our Letters 
Ancient and Modern. Demy 8vo. Pp. viii +80 +2 plates. 
(London: Luzac and Co., 1927.) 7s. 6d. net.* 

Weigall, Arthur. Wanderings in Anglo-Saxon Britain. 
Ex. Cr. 8vo. Pp.286. (London: Hodder and Stoughton, 
Ltd., 1927.) 8s. 6d. net. 

Wickwar, J. W. Witchcraft and the Black Art: the 
Psychology and Folklore of the Witches. Reprint. Cr. 
8vo. Pp. 320. (London: Herbert Jenkins, Ltd., 1927.) 
3s. 6d. net. 

Wolff, K. F. Rassenlehre: neue Gedanken zur An- 
thropologie, Politik, Wirtschaft, Volkspflege und Ethik. 
(Mannus-Bibliothek, Nr. 39.) Roy. 8vo. Pp. iii +251 + 
16 Tafeln. (Leipzig: Curt Kabitzsch, 1927.) 10 gold 
marks. 

Zelenin, Dmitrij. Russische (ostslavische ) Volkskunde. 
(Grundriss der slavische Philologie und Kulturgeschichte. ) 
Roy. 8vo. Pp. xxvi+424+5Tafeln. (Berlin und Wien: 
Walter de Gruyter und Co., 1927.) 30 gold marks. 


Philosophy : Psychology 


Alexander, Franz. Psychoanalyse der Gesamtpers6n- 
lichkeit. Neun Vorlesungen iiber die Anwendung von 
Freuds Ichtheorie auf die Neurosenlehre. (Internat. 
Psychoanalyt. Bibliothek, Band 22.) Roy. 8vo. Pp. 
250. (Wien: Internat. Psychoanalyt. Verlag, 1927.) 9 
gold marks. 

Alfvén, Johannes. Das Problem der Ermiidung. 
(Abhandlungen aus dem Gebiet d. Psychotherapie und 
mediz. Psychol., Band 6.) Roy. 8vo. Pp. 78. (Stutt- 
gart: Ferdinand Enke, 1927.) 6.60 gold marks. 

Anschiitz, Georg. Farbe-Ton-Forschungen. Band 1. 
Roy. 8vo. Pp. xiv+432+24 Tafeln. (Leipzig: Akade- 
mische Verlagsgesellschaft m.b.H., 1927.) 16 gold marks. 

Aristotle. The Works of Aristotle. Translated into 
English under the Editorship of W. D. Ross. Vol. 7: 
Problemata. By E. S. Forster. Demy 8vo. Pp. ix+ 
384. (Oxford: Clarendon Press; London: Oxford Uni- 
versity Press, 1927.) 15s. net.* 
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Baeumler, Alfred, und Schréter, Manfred, Heraus- 
gegeben von. Handbuch der Philosophie. 4to. Lieferung 
2: Metaphysik der Natur, von Hans Driesch. (Abt. 2, 
Beitrag B.) Pp. 95. 4.50 gold marks. Lieferung 3: 
Religionsphilosophie kath. Theologie, von Erich Przywara. 
(Abt. 2, Beitrag E.) Pp. 104. 5 gold marks. Lieferung 
4-5: Philosophie der Mathematik und Naturwiss., 
von Hermann Weyl. (Abt. 2, Beitrag A.) Pp. 162. 
7.50 gold marks. Lieferung 8-9: Ethik der Neuzeit, von 
Theodor Litt. Pp. 184. 8.70 gold marks. Lieferung 10: 
Religionsphilosophie evang. Theologie, von Emil Brunner. 
(Abt. 2, Beitrag F.) Pp. 99. 4.80 gold marks. Lieferung 
11: Die Ethik des Mittelalters, von Alois Dempf. (Abt. 
3, Beitrag C.) Pp. 111. 4.90 gold marks. Lieferung 12: 
Philosophie des Geistes, von Emil Wolff. (Abt. 2, Beitrag 
D.) Dabei: Titel, Namen- und Sachregister zu Abt. 2: 
Natur, Geist, Gott, von Fr. Seifert. Pp. 73. 3.50 gold 
marks. Lieferung 13.: Die Gedankenwelt des chinesischen 
Kulturkreises (Teil 1), von Alfred Forke. (Abt. 5, Beitrag 
C.) Pp. 64. 2.80 gold marks. Abt. 2: Natur, Geist, 
Gott. Philosophie der Mathematik und Naturwiss., Meta- 
physik der Natur, Logik und Systematik d. Geisteswiss., 
Philosophie des Geistes, Religionsphilosophie kath. u.evang. 
Theologie. Dargestellt von Hermann Weyl, Hans Driesch, 
Erich Rothacker, Emil Wolff, Erich Przywara, Emil 
Brunner. Pp. viii + 162 +95 +171 +73 +104+99+35. 35 
gold marks. (Miinchen und Berlin: R.Oldenbourg, 1927.) 

Ball, Hugo. Die Flucht aus der Zeit. Roy. 8vo. 
Pp. v+330. (Miinchen und Leipzig : 
Humblot, 1927.) 11 gold marks. 

Baumégardt, David. Franz von Baader und die 
philosophische Romantik. Roy. 8vo. Pp. vi+402. 
(Halle a. S.: Verlag Niemeyer, 1927.) 16 gold marks. 

Beggerow, Hans. Die Erkenntnis der Wirklichkeiten : 
eine Fortbildung des transscendentalen Idealismus zum 
Transscendez-Realismus durch Kritik d. Gegebenen. Roy. 
8vo. Pp. xlii+558+3 Tafeln. (Halle a. S.: Verlag 
Niemeyer, 1927.) 22.50 gold marks. 

Betz, Wilhelm. Uber Korrelation. 
Zeitschrift fiir angewandte Psychologie, 3.) 
arbeitete Auflage. Roy. 8vo. Pp. vi+65. (Leipzig: 
Johann Ambrosius Barth, 1927.) 3.60 gold marks. 

Betz, Wilhelm. Zur Psychologie der Tiere und 
Menschen. 8vo. Pp. xii+206. (Leipzig: Johann Am- 
brosius Barth, 1927.) 7.50 gold marks. 

Birnbaum, Karl; Hattingberg, H.von, Heyer,G.R. 
(u.a.). Heilmethoden: fiir arztl. Studium und Praxis. 
Herausgegeben von Karl Birnbaum. 4to. Pp. xi+462. 
(Leipzig : Georg Thieme, 1927.) 18.60 gold marks. 

Bjerre, Andreas. The Psychology of Murder : a Study 
in Criminal Psychology. Translated from the Swedish by 
E. Classen. Med. 8vo. Pp. xi+164. (London: Long- 
mans, Green and Co., Ltd., 1927.) 9s. net. 

Bleuler, Eugen. Das autistisch-undisziplinierte Den- 
ken in der Medizin und seine Uberwindung. Vierte 
Auflage. 8vo. Pp. vii+210. (Berlin: Julius Springer, 
1927.) 7.50 gold marks. 

Blumenfeld, Felix. Kant: seine Zeit und d. Lebens- 
problem. 8vo. Pp. 25. (Leipzig: Curt Kabitzsch, 1927.) 
1.50 gold marks. 

Bolin, Wilhelm. Spinoza: Zeit, Leben, Werk. 
(Geisteshelden, Band 9.) Zweite Auflage, neu bearbeitet 
von Carl Gebhardt. 8vo. Pp. viii+203. (Darmstadt : 
Verlag Hofmann, 1927.) 3.75 gold marks. 
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Gesetz. (Wissenschaftliche Grundfragen, Heft 8.) Roy. 
8vo. Pp. viii+108. (Leipzig und Berlin: B. G. Teubner, 
1927.) 5.60 gold marks. 

Borchardt, Hermann. Philosophische Grundbegriffe : 
der Erkenntnisweg des Sokrates. (Wege zum Wissen, 
Band 79.) Pott 8vo. Pp. 139. (Berlin: Verlag Ullstein, 
1927.) 0.85 gold mark. 

Breitwieser, J. V. Psychological Education: a Pre- 
sentation of the Principles and Applications of Educational 
Psychology. Cr. 8vo. Pp. vili+250. (New York and 
London: Alfred A. Knopf, 1926.) 7s. 6d. 

Brun, Rudolf. Biologische Parallelen zu Freuds 
Trieblehre : Experimentelle Beitrage zur Dynamik und 
Okonomie des Triebkonflikts. (Imago, Band 12, 1926, 
Heft 2-3.) Roy. 8vo. Pp. 31. (Wien: Internat. Psycho- 
analyt. Verlag, 1926.) 1.70 gold marks. 


| viii+160. 5.50 gold marks. 
Duncker und | 


Bihler, Charlotte ; Hetzer, Hildegard, und Tudor- 
Hart, Beatrix. Soziologische und psychologische Studien 
iiber das erste Lebensjahr. (Quellen und Studien zur 
Jugendkunde, Heft 5.) Roy. 8vo. Pp.xii+250. (Jena: 
Gustav Fischer, 1927.) 13 gold marks. 

Bulgakow, Sergius. Die Tragédie der Philosophie. 
Aus der Russischen iibersetzt von Alexander Kresling. 
8vo. Pp. 328. (Darmstadt: Verlag Reichl, 1927.) 12 
gold marks. 

Burkamp, Wilhelm. Begriff und Beziehung: Studien 
zur Grundlegung der Logik. Roy. 8vo. Pp. xvi+306. 
(Leipzig: Felix Meiner, 1927.) 12.50 gold marks. 

Cimbal, Walter. Die Neurosen des Kindesalters : mit 
besonderer Beriicksichtigung von Lernschwache und 


Schwererziehbarkeit. Roy. 8vo. Pp. xix +509. (Berlin 
und Wien: Urban und Schwarzenberg, 1927.) 15 gold 
marks. 

Dubislav, Walter. Uber die Definition. Zweite, 
verbesserte Auflage. Roy. 8vo. Pp. 74. (Berlin- 


Schéneberg: Verlag Weiss, 1927.) 4 gold marks. 

Diinnhaupt, Rudolf. Sittlichkeit, Staat und Recht bei 
Kant: Autonomie und Heteronomie in der kantischen 
Ethik. 8vo. Pp. 126. (Dessau: Verlag Diinnhaupt, 
1926.) 3 gold marks. 

Eisler, Rudolf. Worterbuch der philosophischen 
Begriffe. 4to. Vierte véllig neubearbeitete Auflage. In 
15-16 Lieferungen. Band 1: A-K. Lieferung 1. Pp. 
Lieferung 2. Pp. 161-320. 
5.50 gold marks. (Berlin: E. 8. Mittler und Sohn, 1927.) 

Emége, Carl August. Hegels Logik und die Gegenwart. 
(Wissen und Wirken, Band 40.) 8vo. Pp.iv +68. (Karls- 
ruhe i.B.: G. Braun, 1927.) 1.20 gold marks. 

Enriques, Federigo. Zur Geschichte der Logik : 


| Grundlagen und Aufbau der Wissenschaft im Urteil der 


| 8vo. Band 1. Pp. 
Bommersheim, P. Beitraige zur Lehre von Ding und 


mathematischen Denker. Deutsche von L. Bieberbach. 
(Wissenschaft und Hypothese, Band 26.) 8vo. Pp. 
v+240. (Leipzig und Berlin: B. G. Teubner, 1927.) 
11 gold marks. 

Falckenberg, Richard. Geschichte der neueren Philo- 
sophie von Nikolaus von Kues bis zur Gegenwart. Im 
Grundriss dargestellt; neunte Auflage verbessert und 
erganzt von Ernst von Aster. 8vo. Pp. xi+749. (Berlin 
und Leipzig: Walter de Gruyter und Co., 1927.) 18 gold 
marks. 

Fechner, Oskar. Das Verhiltnis der Kategorienlehre 
zur formalen Logik: ein Versuch der UWberwindung 
Immanuel Kants. 8vo. Pp. vii+175. (Rostock: Verlag 
Hinstorff, 1927.) 6 gold marks. 

Federn, Paul, und Meng, Heinrich, Herausgegeben 
von. Das psychoanalytische Volksbuch. (Biicher der 
Werdenden, Band 2.) Pott 8vo. Pp. 550+10 Tafeln. 
(Stuttgart : Hippokrates-Verlag, 1926.) 7.50 gold marks. 

Flake, Otto. Der Erkennende: Philosophie d. Frei- 
werdung. 8vo. Pp. 296. (Darmstadt: Verlag Reichl, 
1927.) 12 gold marks. 

Fraenkel, A. Zehn Vorlesungen iiber die Grundlegung 
der Mengenlehre. Geh. in Kiel auf Einladung der Kant- 
Gesellschaft, Ortsgruppe Kiel, vom 8-12 Juni, 1925. 
(Wissenschaft und Hypothese, Band 31.) 8vo. Pp. 
x+182. (Leipzig und Berlin: B. G. Teubner, 1927.) 
8 gold marks. 

Frank, Ludwig. Vom Liebes- und Sexualleben: 
Erfahrungen aus der Praxis. Zweite Auflage. 2 Bande. 
xx +407. Band 2. Pp. 408-807. 
(Leipzig : Georg Thieme, 1927.) 14.40 gold marks. 

Frank, Ludwig. Die psychokathartische Behandlung 
nervoser St6rungen (Psychoneurosen-Thymopathien) fir 
Arzte und Studierende. Roy. 8vo. Pp.v +208. (Leipzig : 
Georg Thieme, 1927.) 10 gold marks. 

Freud, Anna. Einfiihrung in die Technik der Kinder- 
analyse. Pott 8vo. Pp. 89. (Wien: Internat. Psycho- 
analyt. Verlag, 1927.) 2.70 gold marks. 

Freudenberg, Georg. Grenzen der Ethik: ein kritischer 
Versuch. 8vo. Pp. vii+140. (Leipzig: Felix Meiner, 
1927.) 5 gold marks. 

Freudenthal, J. Spinoza: Leben und Lehre. Roy. 
8vo. Teil 1: Das Leben Spinozas. Zweite Auflage, 
herausgegeben von Carl Gebhardt. Pp.xvi+350. Teil2: 
Die Lehre Spinozas. Auf Grund des Nachlasses bearbeitet 
von Carl Gebhardt. Curis Soc. Spinoz. Pp. v +270. 
(Heidelberg : Carl Winter, 1927.) 33 gold marks. 
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Frischeisen-Kéhler, Max, Begriindet von. Jahr- 
biicher der Philosophie: eine kritische Ubersicht der 
Philosophie der Gegenwart. Herausgegeben in Gemein- 
schaft mit zahlreichen Fachgenossen von Willy Moog. 
Jahrgang 3. 8vo. Pp. vii+362. (Berlin: E. 8S. Mittler 
und Sohn, 1927.) 18 gold marks. 

Goldstein, Kurt. Uber Aphasie. ((Schweizer) Neurol. 
und psychiatr. Abhandlungen, Heft 6.) Roy. 8vo. Pp. 
68. (Ziirich: Orell Fiissli, 1927.) 3.60 gold marks. 

Gépfert, Christian. Uber Binet-Simon-Teste. (Bei- 
triige zur Padag. und Psychologie, Heft 10.) Pott8vo. Pp. 
88. (Langensalza: Beyer Verlag, 1927.) 2 gold marks. 

Grab, Hermann J. Der Begriff des Rationalen in der 
Soziologie Max Webers: ein Beitrag zu d. Problemen 
des philos. Grundlegung der Sozialwissenschaft. (Sozial- 
wiss. Abhandlungen, Band 3.) Roy. 8vo. Pp. iv+48. 
(Karlsruhe i. B.: G. Braun, 1927.) 2.40 gold marks. 

Grave, Friedrich. Die Tyrannis des Geistes heutiger 
Philosophie : ein metaphysischer Waffengang. (Weisheit 
und Tat, Band 9.) 8vo. Pp.46. (Erfurt: Verlag Stenger, 
1927.) 2 gold marks. 

Haeberlin, Carl. Grundlinien der Psychoanalyse. 
Zweite, durehgesehene und vermehrte Auflage. Roy. 8vo. 
Pp. 112. (Minchen: Verlag der Arztl. Rs., 1927.) 4 
gold marks. 

Hartmann, Heinz. Die Grundlagen der Psycho- 
analyse. 4to. Pp.192. (Leipzig: Georg Thieme, 1927.) 
9.60 gold marks. 

Hegel, Georg Wilhelm Friedrich. Schriften zur 
Gesellschaftsphilosophie. (Die Herdflamme, Band 11.) 
Teil 1: Philosophie des Geistes und Rechtsphilosophie. 
Herausgegeben von Alfred Baeumler. 8vo. Pp. viii+ 
940. (Jena: Gustav Fischer, 1927.) 16 gold marks. 

Heimann, Betty. System und Methode in Hegels 
Philosophie. S8vo. Pp. xxiii+483. (Leipzig: Felix 
Meiner, 1927.) 18 gold marks. 

Heims, Wilhelm (Rudolf Dimpfel). Bibliographie der 
Philosophie und Psychologie des Jahres 1926. (Bibliothek 
der Philosophie und Psychologie, Jahrgang 7.) Roy. 8vo. 
Pp. 32. (Leipzig: W.Heims, 1927.) 0.80 gold mark. 

Hellmund, Heinrich. Das Wesen der Welt. 4to. 
Pp. 1324. (Wien : Amalthea-Verlag, 1927.) 26 gold marks. 

Jahn, Ernst. Wesen und Grenzen der Psychoanalyse. 
(Arzt und Seelsorger, Heft 9.) 8vo. Pp. 56. (Schwerin 
i. Meckl.: Verlag Bahn, 1927.) 2.10 gold marks. 

Jaschke, Willy K. Die parapsychologischen Erschei- 
nungen. (Natur- und Kulturschr.,Band4.) 8vo. Pp. 85. 
(Innsbruck: Verlag Tyrolia, 1927.) 1.50 gold marks. 

Jordan, Rev. G. J. A Short Psychology of Religion. 
Cr. 8vo. Pp. 160. (London: Jonathan Cape, Ltd., 
1927.) 3s. 6d. net. 

Jordan, Heinrich. Zur Objektivitatsfrage des Wertes : 
ein kritisch-positiver Beitrag zur Wertlehre. Roy. 8vo. 
Pp. 74. (Berlin: Verlag Ebering, 1927.) 3 gold marks. 

Jung, Carl Gustav. Analytische Psychologie und 
Erziehung: Drei Vorlesungen. 8vo. Pp. 95. (Heidel- 
berg: Verlag Kampmann, 1926.) 3.20 gold marks. 

Kant, Immanuel. Erste Einleitung in die Kritik der 
Urteilskraft. Nach der Handschr. herausgegeben und mit 
Einfiithrung und Anm. versehen von Gerhard Lehmann. 
(Philos. Bibliothek, Band 39b.) 8vo. Pp. viii+83. 
(Leipzig: Felix Meiner, 1927.) 2.50 gold marks. 

Kesseler, Kurt. Religionsphilosophie. (Biicherei d. 
Volkshochsch., Band 59.) 8vo. Pp. v+244. (Biele- 
feld : Velhagen und Klasing, 1927.) 3 gold marks. 

Kessler, Ronald. Experimental-Philosophie 1926. 
8vo. Pp. 112. (Leipzig: Baustein-Verlag, 1927.) 

Keyser, Cassius J. Mole Philosophy and other 
Essays. Ex. Cr. 8vo. Pp. x+234. (New York: E. P. 
Dutton and Co., 1927.) 3 dollars.* 

Kitson, Harry Dexter. How to Use Your Mind: a 
Psychology of Study. Third edition, revised and reset. 
Cr. 8vo. Pp. 224. (Philadelphia and London: J. B. 
Lippincott and Co., Ltd., 1927.) 6s. net. 

Kodama, S. Uber die Entwicklung des striaren 
Systems beim Menschen. (Neurol. und psychiatr. Ab- 
handlungen, Heft 5.) Roy.8vo. Pp.98. (Zirich : Orell 
Fissli, 1927.) 4 gold marks. 

Kraepelin, Emil, und Lange, Johannes. Psychiatrie. 
Neunte Auflage. Band 2: Klinische Psychiatrie, Teil 1. 
Von Emil Kraepelin. Roy.8vo. Pp.xii+1471. (Berlin: 
Johann Ambrosius Barth, 1927.) 69 gold marks. 


Kihle, Heinrich. Der ethische Giterbegriff im System 
des Aristoteles und Kant: eine Voruntersuchung zur 
Begrindung der Ethik. Roy. 8vo. Pp. xii+120. 
(Minster i. W.: Miinsterverlag, 1926.) 4 gold marks. 

Lange, Johannes. Die Paranoiafrage. (Handbuch 
der Psychiatrie Spez. Teil, Abt. 4, Halfte 2.) 4to. Pp. 
vii+56. (Leipzig und Wien: Franz Deuticke, 1927.) 
3.30 gold marks. 

Laun, Rudolf. Recht und Sittlichkeit. Zweite Auf- 
8vo. Pp. ii+29. (Hamburg: C. Boysen, 

Lazar, Erwin. Probleme der forensischen Jugend- 
psychiatrie. (Abhandlungen aus dem jurist.-med. Grenz- 
gebiete, Band5.) Roy.8vo. Pp. 72. (Wien und Leipzig: 
Ho6lder-Pichler-Tempsky A.-G. 1927.) 2.30 gold marks. 


Lehmann, Gerhard. Vorschule der Metaphysik. Roy. . 
8vo. Pp. 82. (Berlin: Reuther und Reichard, 1927.) 


3.60 gold marks. 

Leuba, James H. Die Psychologie der religidsen 
Mystik. Ubersetzt von Erica Pfohl. (Grenzfragen d. 
Nerven- und Seelenlebens, Hefte 128-130.) 4to. Pp.x+ 
260. (Miinchen: J. F. Bergmann, 1927.) 16.50 gold 
marks. 

Losskij, N.O. Handbuch der Logik. Ubersetzt nach 
der zweite, verbesserte und vermehrte Auflage von W. 
Sesemann. 8vo. Pp. vii+447. (Berlin und Leipzig: 
B. G. Teubner, 1927.) _ 16 gold marks. 

Léwi, Moritz. Uber spezifische Sinnesenergien : 
Psychologie und Physiologie. Roy. 8vo. Pp. 238. 
(Breslau: Trewendt und Granier, 1927.) 10 gold 
marks. 

Ludendorff, Mathilde. Das Weib und seine Bestim- 
mung: ein Beitrag zur Psychologie der Frau und zur 
Neuorientierung ihrer Pflichten. Dritte, vermehrte Auf- 
lage. Roy. 8vo. Pp. 192. (Leipzig: Verlag Weicher, 
1927.) 4 gold marks. 

McDougall, William. Janus, the Conquest of War: a 
Psychological Inquiry. (To-day and To-morrow Series.) 
Pott 8vo. Pp. 140. (London: Kegan Paul and Co., 
Ltd. ; New York: E. P. Dutton and Co., 1927.) 2s. 6d. 
net.* 

Maeder, Alphonse. Psychoanalyse und Synthese : 
der Wiederaufbau der Persénlichkeit nebst ihrer Analyse. 
(Arzt und Seelsorger, Heft 8.) 8vo. Pp. 26. (Schwerin i. 
Meckl.: Verlag Bahn, 1927.) 

Messer, August. Einfiihrung in die Erkenntnis- 
theorie. (Wissen und Forschen, Band 11.) Dritte, um- 
gearbeitete Auflage. 8vo. Pp. vii+270. (Leipzig: Felix 
Meiner, 1927.) 5 gold marks. 

Miller, H. Crichton. The New Psychology and the 
Preacher. Cr. 8vo. Pp. 283. (London: Jarrolds, Ltd., 
1927.) 6s. net. 

Mobius, Paul Julius. Das Nervensystem des Menschen 
und seine Erkrankungen. (Reclams Universitats-Biblio- 
thek, Nr. 4616.) Zweite Auflage herausgegeben von Paul 
Dittmar. Pott 8vo. Pp. 79. (Leipzig: Reclam Verlag, 
1927.) 0.40 gold mark. 

Ménkemiller, Otto. Das Pubertitsalter des Kindes : 
fir Eltern und Erzieher. Roy. 8vo. Pp. v +207. 
(Leipzig: Akademische Verlagsgesellschaft m.b.H., 1927.) 
9 gold marks. 

Miiller, Martin. Uber die philosophischen Anschau- 
ungen des Naturforschers Johannes Miller. Roy. 8vo. 
Pp. v +69. (Leipzig: Johann Ambrosius Barth, 1927.) 
4.20 gold marks. 

Miuller-Freienfels, Richard. Metaphysik des Irra- 
tionalen. 8vo. Pp. xi+493. (Leipzig: Felix Meiner, 
1927.) 22 gold marks. 

Nordenholz, Alfred. Welt als Individuation: Ent- 
wurf eines Individuationismus. Roy. 8vo. Pp. viii+121. 
(Leipzig: Felix Meiner, 1927.) 6 gold marks. 

Odebrecht, Rudolf. Grundlegung einer asthetischen 
Werttheorie. Band 1: Das dasthetische Werterlebnis. 
Roy. 8vo. Pp. 315. (Berlin: Reuther und Reichard, 
1927.) 8 gold marks. 

Ogden, C. K., and Richards, I. A. The Meaning of 
Meaning: the Influence of Language upon Thought and 
the Science of Symbolism. (International Library of 
Psychology, Philosophy, and Scientific Method.) Second 
edition, revised and reset. Demy 8vo. Pp. 385. (London: 
Kegan Paul and Co., Ltd.; New York: Harcourt, Brace 
and Co., Inc., 1927.) 12s. 6d. net. 
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Perrin, Fleming Allen Clay, and Klein, David 
Ballin. Psychology: its Methods and Principles. Cr. 
8vo. Pp. xii+387. (London: Methuen and Co., Ltd., 
1927.) 8s. 6d. net. 

Piffault, A. Psychologie appliquée 4 l’éducation: a 
lusage des écoles normales primaires (Programmes de 
1920 et des candidats au Brevet supérieur). Nouvelle 
édition complétement refondue et simplifiée. Cr. 8Vvo. 
Pp. iii +278. (Paris: Armand Colin, 1927.) 12.60 francs. 

Podach, Erich F. Ké6rper, Temperament und Cha- 
rakter. (Wege zum Wissen, Band 73.) Pott 8vo. Pp. 
151. (Berlin: Verlag Ullstein, 1927.) 0.85 gold mark. 

Prantl, Carl. Geschichte der Logik im Abendlande. 
Manuldruck der Orig.-Ausgabe, 1855. 4 Bande. Roy. 8vo. 
Band 1. Pp. xii+734. Band 2. Pp. viii+403. Band 3. 
Pp. viii +426. Band4. Pp. viili+305. (Leipzig: Gustav 
Fock, 1927.) 100 gold marks. 

Preysing, Konrad.  Gesellschaftsitten und Sitten- 
gesetz. (Zur religidsen Lage der Gegenwart, Heft 15.) 
8vo. Pp. 47. (Miinchen: Verlag Pfeiffer, 1927.) 1.30 
gold marks. 

Raven, Rev. Canon Charles E. The Creator Spirit : 
a Survey of Christian Doctrine in the Light of Biology, 
Psychology and Mysticism. The Hulsean Lectures, Cam- 
bridge, 1926-27: The Noble Lectures, Harvard, 1926. 
With an Appendix on Biochemistry and Mental Pheno- 
mena, by Joseph Needham. Cr. 8vo. Pp. xv +310. 
(London: Martin Hopkinson and Co., Ltd., 1927.) 
8s. 6d. net.* 

Reik, Theodor. Wie man Psychologe wird. 8vo. 
Pp. 127. (Wien: Internat. Psychoanalyt. Verlag, 1927.) 
3.60 gold marks. 

Reisner, Erwin. Das Selbstopfer der Erkenntnis : 
eine Betrachtung tiber die Kulturaufgabe der Philosophie. 
8vo. Pp.v +182. (Miinchen und Berlin: R. Oldenbourg, 
1927.) 4.80 gold marks. 

Richet, Charles. L’intelligence et Thomme: étude 
de psychologie et de physiologie. (Bibliothéque de 
Philosophie contemporaine.) 8vo. Pp.ix+376. (Paris: 
Félix Alean, 1927.) 35 francs. 

Russell, Bertrand. Die Analyse des Geistes. (The 
Analysis of Mind.) Ubersetzt von Kurt Grelling. 8vo. 
Pp. vii+407. (Leipzig: Felix Meiner, 1927.) 12 gold 
marks. 

Sainsbury, Geoffrey. The Theory of Polarity. Cr. 
8vo. Pp. xiii+224. (London and New York: G. P. 
Putnam’s Sons, 1927.) 7s. 6d. net.* 

Sakmann, Paul. Ralph Waldo Emersons Geisteswelt 
nach den Werken und Tagebiichern. (Frommanns Klass. 
der Philosophie, Band 27.) 8vo. Pp. xvi+256. (Stutt- 
gart: Verlag Frommann, 1927.) 5 gold marks. 

Sanders, Hans-Theodor. Hypnose und Suggestion. 
Achtzehnte Auflage. 8vo. Pp. 78. (Stuttgart : 
Franckhsche Verlagsbuchhandlung, 1927.) 1.25 gold 
marks. 

Sauer, Wilhelm. Philosophie der Zukunft: eine 
Grundlegung der Kultur. Zweite Auflage. Roy. 8vo. 
Pp. xvi+428. (Stuttgart: Ferdinand Enke, 1926.) 
8 gold marks. 

Saupe, Emil, Herausgegeben von. Einfiihrung in die 
neuere Psychologie. | (Handbiicher der neueren Erzie- 
hungswissensch., Band 3.) 8vo. Pp. viii+396. (Oster- 
wieck: Verlag Zickfeldt, 1927.) 

Scheler, Max. Der Formalismus in der Ethik und die 
materiale Wertethik: meuer Versuch der Grundlegung 
eines ethischen Personalismus. (Sonderdruck aus Jahrbuch 
fiir Philos. und phénomenol. Forsch., Band 1-2.) Dritte, 
unveranderte Auflage erginzt durch ein ausfithrliches Sach- 
register. Roy.8vo. Pp.xxiii+648. (Hallea.S.: Verlag 
Niemeyer, 1927.) 20 gold marks. 

Schingnitz, Werner. Terminologie und Definition: 
zum Problem der Formulierung, insbesondere der sprach- 
lichen Formulierung, in der Logik. (Sonderdruck aus Jahr- 
buch fiir Philologie, Band 2.) Pp. 237-269. (Miinchen : 
Verlag Hueber, 1927.) 

Schneider, Artur. Einfiihrung in die Philosophie unter 
Bericksichtigung ihrer Beziehungen zur Padagogik. 
(Handbiicherei d. Erziehungswiss., Band 15.) Teil 1: All- 
gemeines, Erkenntnistheorie. Pott 8vo. Pp. xii+2I9. 
(Paderborn: Ferdinand Schéningh, 1927.) 4.50 gold 
marks. 


Schneider, Friedrich. Schulpraktische Psychologie : 
eine Einfiihrung in die Arbeitsweisen der differentiellen 
Psychologie. (Handbiicherei d. Erziehungswiss., Band 2.) 
Dritte, erweiterte Auflage. Pott 8vo. Pp. xii +267. 
(Paderborn: Ferdinand Schéningh, 1927.) 4.20 gold 
marks. 

Schneider, Kurt. Die abnormen seelischen Reak- 
tionen. (Handbuch der Psychiatrie, Spez. Teil, Abt. 7, 
Teil 2, Halfte 1.) 4to. Pp. 43. (Leipzig und Wien: 
Franz Deuticke, 1927.) 2.70 gold marks. 

Schultz-Hencke, Harald. Eintiihrung in die Psycho- 
analyse. Roy. 8vo. Pp. vii+387. (Jena: Gustav 
Fischer, 1927.) 18 gold marks. 

Schulze, Martin. Kants Religion innerhalb der Gren- 
zen der blossen Vernunft. 8vo. Pp. 199. (Kénigsberg : 
Grafe und Unzer, 1927.) 4.50 gold marks. 

Skala, Richard. Der Stachel der Ethik. 8vo. Pp. 
126. (Wien: Fries und Lang, 1927.) 2.50 gold marks. 

Spranger, Eduard. Psychologie des Jugendalters. 
Achte, durchgesehene Auflage. Roy. 8vo. Pp. xv +359. 
(Leipzig : Quelle und Meyer, 1927.) 9 gold marks. 

Stein, Arthur. Pestalozzi und die kantische Philo- 
sophie. (Heidelb. Abhandlungen zur Philosophie und 
ihrer Gesch., Heft 12.) Roy. 8vo. Pp. xxi +218. (Tubingen: 
J.C. B. Mohr (Paul Siebeck), 1927.) 9 gold marks. 

Steinberg, Wilhelm. Der Erkenntnisbegriff in Physik 
und Geometrie. Roy. 8vo. Pp. 87. (Kirchhain (Nieder- 
Lausitz): Zahn und Baendel, 1927.) 3 gold marks. 

Stern, William. Psychologie der friihen Kindheit bis 
zum sechsten Lebensjahre. Mit Benutzung ungedr. 
Tagebiicher von Clara Stern und e. Bild- und Textbeitr. 
von Kurt Lewin. Vierte, iiberarbeitete und erweiterte 
Auflage. Roy.8vo. Pp.xvi+532. (Leipzig: Quelle und 
Meyer, 1927.) 12.50 gold marks. 

Stringer, Alfred. The Almighty Power of Love: a 
Treatise on Psychology. Cr. 8vo. Pp. 112. (London: 
Arthur H. Stockwell, Ltd., 1927.) 3s. 6d. net. 

Turner, J. E. The Nature of Deity. A Sequel to 
“Personality and Reality.” Demy S8vo. Pp. 248. 
(London: George Allen and Unwin, Ltd., 1927.) 10s. net. 

Vermeil, Walter. Geist und Leib: unsere Haltung 
gegeniiber dem Leib im Spiegel des Zeitgeistes und des 
Neuen Testamentes. 8vo. Pp. 32. (Berlin: Furche- 
Verlag, 1927.) 

Volkelt, Johannes. System der Asthetik. Band 1: 
Grundlegung der Asthetik. Zweite, stark veranderter 
Auflage. 4to. Pp. xii+560. (Miimchen: Verlag Beck, 
1927.) 14 gold marks. 

Vorlander, Karl. Geschichte der Philosophie. Sie- 
bente Auflage. 8vo. Band 1: Altertum und Mittelalter. Pp 
viii +313. 6 gold marks. Band 2: Die Philosophie der 
Neuzeit bis Kant. Pp. viii+352. 6gold marks. (Leipzig: 
Felix Meiner, 1927.) 

Wanke, Georg. Psychoanalyse: Geschichte, Wesen, 
Aufgaben und Wirkung. Zweite verbesserte und ver- 
mehrte Auflage. Roy. 8vo. Pp. xv +248. (Halle a.S.: 
Marhold Verlag, 1926.) 6.70 gold marks. 

Weber, Harald. Die Weltdenker des Ostens. 8vo. 
Pp. 172. (Braunschweig: Georg Westermann, 1927.) 
5 gold marks. 

Weigelin, Ernst. lEinfiihrung in die Moral- und 
Rechtsphilosophie: Grundziige e. Wirklichkeitsethik. 
(Wissen und Forschen, Band 19.) 8vo. Pp. viii +202. 
(Leipzig: Felix Meiner, 1927.) 6 gold marks. 

Weir, Archibald. Others: being a Sequel to “ Self.” 
Ex. Cr. 8vo. Pp. xii+307. (Oxford: Basil Blackwell, 
1927.) 6s. net. 

Wenzl, Aloys. Das unbewusste Denken. (Wissen und 
Wirken, Band 41.) 8vo. Pp.iv +47. (Karlsruhei. B.: G. 
Braun, 1927.) 1.20 gold marks. 

Wesselsky, Anton. Philosophie der Tat: Versuch 
einer Weltanschauung heroischer Autonomie. (Baust. z. e. 
Philosophie des Als-Ob, Band 12.) Zweite, erweiterte 
Auflage. 8vo. Pp. 97. (Berlin: -Verlag Paetel, 1927.) 
1.40 gold marks. 

Wilken, Folkert. Die nervose Erkrankung als sinn- 
volle Erscheinung unseres gegenwartigen Kulturzeit- 
raumes: eine Untersuchung tiber d. Stérungen d. heut. 
Soziallebens. (Individuum und Gemeinschaft, Band 9.) 
Roy. 8vo. Pp. 102. (Mimchen: J. F. Bergmann, 1927.) 
4.20 gold marks. 
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Windelband, Wilhelm. Die Philosophie im deutschen 
Geistesleben des 19 Jahrhunderts. Fiinf Vorlesungen. 
Dritte photomech. gedr. Auflage. 8vo. Pp. vii+120. 


(Tabingen: J. C. B. Mohr (Paul Siebeck), 1927.) 4 gold | 


marks. 

Ziehen, Theodor. Das Seelenleben der Jugendlichen. 
(Philosoph. und psycholog. Arb., Heft 6.) Dritte Auflage. 
8vo. Pp. 110. (Langensalza: Verlag Beyer, 1927.) 
2.20 gold marks. 


Bacteriology: Hygiene 


Dresel, Ernst Gerhard. Hygiene und Sozialpolitik. 
Roy. 8vo. Pp. 22. (Greifswald: Verlag Bamberg, 1927.) 
1 gold mark. 

Gruber, Georg. Die Welt der kleinsten Lebewesen : 
die Bedeutung der Bakterien im Haushalt der Natur. 
(Wege zum Wissen, Band 75.) Pott 8vo. Pp. 131. 
(Berlin : Verlag Ullstein, 1927.) 0.85 gold mark. 

Kolle, Wilhelm, und Wassermann, August von, 
Begriindet von. Handbuch der pathogenen Mikro- 
organismen. Dritte erweiterte Auflage. Herausgegeben 
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UNIVERSITY OF LONDON PRESS 


MIND AND 
PERSONALITY 


An Essay in Psychology and Philosophy 


By WILLIAM BROWN 
M.D., D.Sc. 
Wilde Reader in Mental Philosophy in the 
University of Oxford 
Psychotherapist to King’s College Hospital 


The problem of personality is dealt with in this 

volume along special lines. It is an attempt to 

obtain a synoptic view of personality as considered 

from the standpoints of the various sciences, 

especially from those of psychology, psycho- 
pathology and philosophy. 


12s. 6d. net. 


‘An important book.” —THE SPECTATOR. 


AN INTRODUCTION TO THE STUDY 
OF MAP PROJECTIONS 


By J. A. STEERS, M.A., F.G.S. 


The main object of this book is to enable the student 
who has not made the acquaintance of the higher 
mathematics, to draw correctly any of the projections 
therein described. 7s. 6d. net. 


“ This book will be welcomed as a sound basis for the study 
of map projections.”’—NATURE 


LECTURES ON CERTAIN ASPECTS 
OF BIOCHEMISTRY 
A Series of Important Lectures by 
J. C. DRUMMOND, D.Sc., F.1.C. 
A. V. HILL, Sc.D., E.R:S. 
DALE, M. F.R.S. 
HENDERSON, A.B., M.D. 
“ An authentic presentation of the state of knowledge and 


the position of research over a very wide field.”,—TiMES 
EDUCATIONAL SUPPLEMENT. 12s. 6d. net. 


CREATIVE CHEMISTRY 
By EDWIN E. SLOSSON, Ph.D. 


An accurate and fascinating account of the main syn- 
thetic processes which have enriched the world of late 
years. 


7s. 6d. net. 
highly interesting book.” —THE SPECTATOR. 


UNIVERSITY OF LONDON PRESS LTD. 
10 & 11 Warwick Lane, E.C.4 


Price 8s. 6d. net. By post, price 9s. 


AN EXPERIMENT 
WITH TIME 


By J. W. DUNNE 


N this book it is pointed out that our conventional 

way of considering events as if they were positioned 
in a continuum along which the observer travels is, 
and always has been, a serial method of analysis, 
in which “time” is treated as a constantly receding 
conception. It is, thus, analogous to those methods 
which the bridge-designer employs when he pro- 
ceeds to represent diagrammatically the continually 
receding conception of the “support” which holds 
up his“ end load,” and, in so doing, develops the 
general character of a complex series of supports 
supporting supports. All questions regarding the 
temporal relations betwixt the ultimate observer 
and that which he observes are questions framed 
in terms of this peculiar device, and the correct 
answers cannot be obtained unless the serial 
character of the initial assumption is taken into 
That this has not been done 
hitherto is owing merely to the average philo- 
sopher’s lack of engineering experience and con- 
sequent assumption that the pursuit of a receding 
conception can provide no useful information. 

Analysed thus properly, the observer’s temporal 


consideration. 


views of the objective universe are seen to be 
comprised, for practical purposes, in the fizst two 
terms of a divergent series. It further appears 
that when the first (three-dimensional) view is in 
abeyance the second and more confusing (four- 
dimensional) view becomes the “field of presenta- 
tion,” so that, sleeping, the observer habitually 
perceives items of personal experience which are 
“future” to his lesser view. The first part of the 
book shows that this does, in actual fact, occur 
with the anticipated frequency ; and there is sub- 
mitted the detail of a technique designed to render 
this “ prevision ” apparent to any normal observer. 

The analysis produces many other results (the 
majority of which were totally unexpected), but 
these cannot be dealt with adequately in a synopsis 
of this limited character. 


Published by A. & C. BLACK, Ltd. 
4 SOHO SQUARE, LONDON, W.1 
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ANEROID BAROMETERS. 


FOR MEASURING THE ALTITUDE 
OF MOUNTAINS OR AIRCRAFT. 


Best Quality Movements compensated for Temperature. 


With Altitude Scale 
reading up to 10,000 
feet or 4000 metres, 
and divided to every 
50 feet or 20 metres. 


£5 0 0 
Post free 
With Altitude Scale 
to 15,000 feet or 5000 


metres, and divided to 
100 feet or 50 metres. 


£5 10 O 
Post free 
With Altitude Scale 
to 20,000 feet or 6000 


metres, and divided to 
100 feet or 50 metres. 


£6 15 0 


Post free 


J. H. STEWARD, Lid. 


Opticians and Scientific Instrument Makers to the British and Foreign Government;, 


406 and 457 Strand, London, W.C.2. 


Established 1852. 


The 
SCHOLES 
4 BOMB 
a CALORIMETER 


for 


Coal, Coke, Oils, etc. 


Extremely Reliable 


and 


Easy to Operate 


Full particulars, 
instructions and data in 
pamphlet from: 


G. CUSSONS, LTD. 
The Technical Works, MANCHESTER 


London Office: 231 STRAND, W.C.2 


Bargains in Government Surplus Stores 


Every one of these Coils 
was submitted to a very 
exacting Government test for 
output and efficiency. 


They are further guaran- 
teed by us to be in first-class 
working order and condition, 
and therefore confidently re- 
commended. 


Specification. — 12-14- 
inch Spark Heavy Discharge 
Coil, complete with Condenser, 
Variable Primary, Discharge 
Pillars, Heavily Insulated, % 
and fitted in Solid Polished J 
Teak Cases. Can be used in 
the vertical or horizontal posi- 
tion, Fitted with removable 
Carrying Handles. 


12-14-INCH SPARK HEAVY DISCHARGE INDUCTION COILS 


Write for List of Guaranteed Second-hand Laboratory X-Ray Apparatus. 


THE COX-CAVENDISH ELECTRICAL CO. (1924) LTD. 
105 Great Portland Street, London, W.1 


Telephone : LANGHAM 1145 (2 lines) 


These tested and approved 
Induction Coils are offered at 
the extremely 
Low Price of £28 each 

Exclusive of Meter. 
Milliamperemeter £3 extra. 


Only a limited number can 
be supplied. 


A UNIQUE 
OPPORTUNITY 

"FOR 
LABORATORIES 
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- | THE MAHLER-COOK 
|BOMB CALORIMETER|||| FRANZ HUGERSHOFF 


REORGANISATION OF PRODUCTION G.m.b.H. 
REDUCTION IN PRICES 
oll Manufacturers of Laboratory Apparatus 


Accessories, including 
Platinum : £58 net. 

For determining the 
calorific value of Fuels 
(Coal, Coke, Oils, etc. ). 

The original Bomb 
Calorimeter, used all 
over the World and first 


LEIPZIG 34, 
CAROLINENSTR. 13 


on the market to-day, and made 
by Engineers and high-pressure for 
experts. 

amelled interior. 
Send for Illustrated Booklet con- 7 of SCHOOLS 
taining all working instructions, 
3 —= tables, graphs, etc. and 
CHAS. W. COOK & SONS, UNIVERSITIES 
ROYAL HOTEL WORKS, 
ASHBY-DE-LA~ZOUCH, LEICS. 
Equipments for students’ practical researches. 
NEWCASTLE-ON-TYNE STOCKISTS: Brady & Martin, Ltd., 
Northumberlard Road, Newcastle-on-Tyne. 
ForBoth ANALYTICAL ana INDUSTRIAL Use 
FORD’S 


-SACCHARIMETERS 
“498 MILL ” 
| FILTER PAPERS 


By the Makers of the well- 
known Blotting Paper 


COMPLETE RANGE OF 
4 ALL FILTER PAPERS FROM 

THE HIGHEST GRADE FOR 
ANALYTICAL work to those suitable 
for all Industrial Purposes. Most 
chemists consider the uses of Filter 
Paper only for laboratory purposes. 


Many manufacturers, however, are - 

now using Ford’s Filter Papers—speci- 

ally made for the purpose—on an 

industrial scale in their filter presses, FREE : 

either with or without filter cloths. SAMPLES will 

More rapid filtration, brighter filtrates, in circles and 

less time and labour in clearing and sheets of all Jellet-Cornu Type, Short Wedge . £35 14 0 

cleaning the presses, and less wear of sizes and sub- Lietieh T L Wed ' £69 15 

the filter cloths (if also used) result. stances gladly Ippic ype, Long Wedge . _ & 0 
al Lippich Type, Long Double Wedge. £87 4 0 

Try them in your presses—at our nature of DELIVERY FROM STOCK 
expense, ten, Fall particulars in List “ W. 465” from the British Representatives : 
T. B. FORD, Lp. CARL ZEISS (LONDON) LTD. 


Snakeley Mill, Loud : Rindin, Ben. Winsley House, Wells St., Oxford St., London, W.1 
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MAGNETIC 
BRIDGE 
PERMEAMETER 


This Permeameter, which has been developed from the designs of Dr. 
Edward Hughes, is a simple form of apparatus which enables the 
magnetisation curve and hysteresis loop to be obtained for any magnetic 
material. Commercial bar specimens are tested by standard methods with 
a precision equal to that of the ring method, without the provision of 
perfect magnetic joints at the ends of the specimen, and without 
winding special coils on the specimen other than the search coil. 
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Further particulars on request. : 


INSTRUMENT C9 [7? 


WORKS 


LONDON. a Head Office. 45.GROSVENOR PLACE 
CAMBRIDGE = EShovrooms? LONDON. S WI 

AMERICAN COMPANY 
Cambridge Instrument Co. Inc., Grand Central Terminal, New York @ 


MANSFIELD W. OTTWAY & Co. Ltd. 
OIL-GAS APPARATUS (Established 1640) 


ron Actual Makers of Astronomical and Terrestrial Telescopes 


LABORATORIES. OTTWAY’S “SPOTTER” TELESCOPE 


This plant is designed to provide a gas supply for 
laboratories which are out of reach of the ordinary 
town’s gas supply. 

The gas is made in a simple manner from any heavy 
oil, such as paraffin, and gives perfect oxidising and ; ; ; 

tees Remus, Fitted with 5 draw tubes. In Nickel Silver throughout, highly 
reducing = fully 15’ Diameter 

° ject Glass 1’, magnification 20. ody covered in crocodile. 
MANSFIELD & SONS, LTD. REDUCED PRICE £4: 15:0 post free. 
23 HAMILTON SQUARE, Illustrated Leaflets sent on request. 
BIRKENHEAD. Orion Works, Ealing, London, W.5. 
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SIR HOWARD GRUBB, PARSONS 
AND COMPANY 


ENGINEERS, ASTRONOMICAL 
INSTRUMENT MAKERS 
OPTICAL WORKS: WALKER GATE 
NEWCASTLE-ON-TYNE 
CONTRACTORS FOR 
Complete Observatory Equipment 


The illustration shows the 45’ Dome for the 24” Refractor 
for the National Observatory, Santiago, Chile. 
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